USO011715191B2

a2 United States Patent 10) Patent No.: US 11,715,191 B2

Kalluri et al. 45) Date of Patent: Aug. 1, 2023

(54) METHOD AND SYSTEM FOR AUTOMATED (58) Field of Classification Search
PLANT SURVEILLANCE AND CPC ........ GO6T 5/50; GO6V 10/143; GOIR 33/50;
MANIPULATION GO1V 3/32

See application file for complete search history.
(71) Applicant: UT-Battelle, LL.C, Oak Ridge, TN
(US) .
(56) References Cited
(72) Inventors: Udaya C. Kalluri, Knoxville, TN (US);

Andrzej Nycz, Knoxville, TN (US): U.S. PATENT DOCUMENTS

Lonnie J. Love, Knoxville, TN (US): 6,567,537 B1* 5/2003 Anderson ............... GOGT 5/50
Vincent C. Paquit, Knoxville, TN 382/110
(US); Xiaohan Yang, Knoxville, TN 9,018,950 B2*  4/2015 Li .oocoevvrviirirnnne, GO1R 33/50
(US); Samuel C. Leach, Knoxville, TN 324/309
(US); Harold Walters, Knoxville, TN (Continued)

(US)

_ ‘ OTHER PUBLICATIONS
(73) Assignee: UT-BATTELLE, LLC, Oak Ridge, TN

(US) Altpeter, F. et al., “Advancing Crop Transformation in the Era of

Genome Editing”, The Plant Cell, Jul. 2016; pp. 1510-1520; vol. 28.
(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 278 days Primary Examiner — Yosel Kassa
o | (74) Attorney, Agent, or Firm — Scully, Scott, Murphy &
(21) Appl. No.: 17/237,503 Presser, P.C.

(22) Filed: Apr. 22, 2021 (57) ABSTRACT
(65) Prior Publication Data A method and a system for automated plant surveillance and
US 2021/0334952 A1 Oct. 28, 2021 mampulation are provided. Pursuant to the method and the
system, i1mages of target plants are obtained through a
Related U.S. Application Data machine vision system having multiple cameras. The

obtained 1mages of the target plants are processed to deter-
mine tissue candidates of the target plants and to determine
a position and an orientation of each tissue candidate. A tool
1s manipulated, based on the position and the orientation of
each tissue candidate, to excise each tissue candidate to
obtain tissue samples. The tissue samples are transported for

(60) Provisional application No. 63/080,846, filed on Sep.
21, 2020, provisional application No. 63/014,314,

filed on Apr. 23, 2020.

(51) Int. CL

GOIR 33/50 (2006.01) . L o :
COGT 7/00 (2017.01) subsequently manipulation including live processing of the
BIST 9/16 (200 6.0:h) tissue samples or destructive processing of the tissue
o samples.
(52) U.S. CL
CPC ........... GO06T 7/0004 (2013.01); B25J 9/1697
(2013.01); GO6T 2207/30188 (2013.01) 50 Claims, 9 Drawing Sheets

----------------------------------------------------------------------------------------

. = - ' - . - - - I "y
gofarnmg images of farget plands through a machine V15106 7 10
1

svsten melading mnltiisle cameras

processiing the unages of the target plants 16 determine 500
destrable tissue candidates and detemine 2 postiion andan 7 77

cricntation of each tissue candidato

| warapidating a toel, based on the position and the otiertafion
of cach tissve candidate, o excise each tissue candidaie to - L7 1300

obiain a tussue saunple

P R R R R R U U N R R R R R M R R N U U M U S N U U N U R R g g il il il il i il e sl il e sl sl il sl sl lin sl sl sl slie sl sl sin slie i i slis slie il sie sl e sl e sl sl sle sl i s sl

fransporting the tissue sample for subsoquent menipolation of |~ 1460

the fissye sample




US 11,715,191 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

10,123,525 B2 * 11/2018 Paoluccio ............. AQIM 21/04
11,200,427 B2* 12/2021 Periaswamy .......... GO6V 20/52
2017/0086402 Al1* 3/2017 Meadows-Smuth ...... AO1H 1/00
2018/0255688 P1 * 9/2018 Moen ................... AO1H 6/1456
Plt./357

* cited by examiner



U.S. Patent Aug. 1, 2023 Sheet 1 of 9 US 11,715,191 B2

Machine Vision
System 100

_____________________ I

Manipulation | Processor/Controller
System 200 | 440

Transportation
System 300

2 L6 A



US 11,715,191 B2

Sheet 2 of 9

Aug. 1, 2023

U.S. Patent

O/ 102

i

- E N E A [ A M N A
L L L r 20 2

] E

xnxnxx.x ”
P A A AL A U A A A A A
i X
i ;

A Y
A

A ol A

L]

L]

L]
i i i i i e e )
L)

A
i i i i i e )
L]

H

N

L)

L]

A

E

N

-5

g

A

)

X,
Y
E |

-
]
-
o,
-

E

E

RN

-

L

E

o
o e NN
o

B o K B K Ko He KK K KK
y A A A A A A A A
o S S
T T N OIS
xr.xxnxxxxxxr.xnxxxr.xr.xxxr.xr.xr.xr.xr.xxr.r.xr.r.xr.r.xw..r.xr.r..x.x.nnx”xnn”nnn”n”n”nn.v
PP PP A N L B BN L P N L PRI N PN B R BN R B BN K KKK
A A
A A KA
O i A A, i
iy gy

N

i

e e
A A

?d!?d?d?d?d

-]
e e

L]
|
)
|
a
M
A
|
)
xxxxxxxxxxxxxxxxxxxxuxnnxnxx:xx
M
4
a
)
A
A
)
A
A
x:xx
xx'xx
PN
L]
A
)
Yy
A
a
:!:u:x
L
]
)
L
A
-
X
)
A AN
-
PR
x::-x
A A A A A
I
-

S
-
A e e
oML

A e e
-
-
-
-
-
-
-
F
-

i
i
i
)
)

e

)

£
]

o

e
2
Y
e
2
Y
EY)
EY)

i)
o)

M
M
F
HHRH
o,
F
P,
o,
F
P,
o,
F
P,
?ﬂ?ﬂ?!?ﬂ?ﬂH?ﬂ?ﬂ?!?!'?dHHHHHHH'HHHH'HHHHH:HHH
P,
o,
F
P,
o,
F
P,
)
F
e
o,
F
P,
)
£
e
)
£
e
)
£
£
F
£

A
EY)
o
R

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH.HHHH.H

H
H
H
FY
FY
o
Y
FY

o,
F
P,
F
o,
P,
-
A
EY)

H

]

]

H

F

M

H

F

M

H

]

]

H

F

Y

H

Hd

~

F
?ﬂ?ﬂ!?d

FY
HHHF'?!
?'?!:HH

A R

FY
Y
Y
FY
FY
Y
FY
FY
Y
FY
FY

)

2w

oo
e

)

EY)

FY
Y
Y
FY
FY

xxx
FY
F

H’H
H
FY
Y

i
)
X
Y]
e
S
)
o
Y
A
X
S
x
.
e e e
xx:xx
2

H
H
M
H
F
)

EY

o,
F
P,
F
o,
M
£
)

Ty

™

e
)

HH:H
HHHH
H
F
M
H
F
M
FY
]
Y
H
~
M
] Hd
HHHHKHHHHHHHH
Y

o e

-

A

-

) 3 ]
P N RN
F

-

H:H
i e e
H
o
e
F
E
E
H
£
F
]
-]
x?l!
E
E
-]
A
H'H'P?!HHHHHH'HH’HH’HHH'HHHHHHH
e
o
-]
F
H’H
E
F
H’H
i
-5
.
e
.
]
‘e

N N N N S R A .H.H.HHHH.H.. LM

)
£

H
H
H
H
E
-
E
)
E
)
E

o
F Y
L
ol
F Y
X
o

E N N N N N
Hd
o,

L R N N N A N i

>

]

>,
HHHHHHHHHHHHH

H

.

> J
xxxxxxxxxxxxx

.
E
H
]
¢ o
PHPHF‘HPHHHHH*HHHHHHH
Y
F
EY
EY
i d d
N

a 3
E
o

o

EY

EY

EE
H
x

]

EY

]
F H
X F
EE e i
H
F
F
A
P,
‘2
Fd
Y
Fd
‘2
-
™
o

.

]

H
H
F
M
H
F
Y
H
Y
]
FY
~
F ]
H’HHHHHHHHHHHH
H:HHHHHHHHHHH
FY
~
Y
FY
~
HH’H
FY
]
Y
F’HH
HHH
FY
~
Y

)
)

FHHHHHH’HHHHHHHH
E

A
H

e
e
-]
Y
Y

)
2
2
Y
)

Fl

.

]

.
.

EY

HHHHHHHﬂHH

F
o,

x F
P,
o,
F
P,
o,
£
P,
)
F

i i i i i e )
Fd
o,
£
P,
)
F
Fd
o,
£
e
)
F
a
)
£
e
)
£
e
)
£
e
)
£
£
e
)

A

2 A

A A

i

i

e

i

i
xxxxxxxr.xr.xr.r.r.r.r.r.r.r.r.r..r.r.r.Hr..r.Hr..r.n.r.M.nn.nn.n.n.nr.nr.nr.rnr.nr.n.r.

i

A

i -

A

A A

i -

A A

A

>
>
)

2
e
X
2
2
2

E
.

N
N
A
E
N
]

;o
]

xuxxxxxxr.xr.xr.xr.xr.xr.xr.r.r.xr.r.rr.r.r.r.r.r.rr.nn.x”n”n”n”n”ﬁ”x.n”v.v
AR A A A KA AR
I N O .r.nr.Hr”r.Hr.Hr.”r.”nwrv.ru.nu.rv.xv.rv.rv.n
AL A A A

P T P T T DD P DT e DT e T T e P T T e e P U T B B U B B B K
PLALN NN NN NN N A A A A A A A A N

e

i

E
o
F
.
o
F
.
o
F
o
F
o
F
)
)

)
o
¢
H

A A A A A A, A A, A, A A, A, A A A, A A A A A, A A A, A i,

H
H
]
M
H
]
]
FY
F
Y
H
Y
H
M
FY
Hd
vi‘!

F
FY

x
x
x
x
x
H
=
x
x
-
x
H
-
A
x
-
x
H
x
A

E g A A

F
o,
F
P,
o,
F
P,
)
F
)
F
k.
£

FY
FY

F
Y

H
]
]
H
F
M
H
F
M
H
]
Y
H
Hd
~
Y
FY

N
~
M
FY
F
Y
H
~
xﬂ
FY
FY
Y
FY
Y
Y

T
L]

¥

.

-

L)

A

A

-

F

-

-

A
P P s
:H:x ]
x:;x e
xﬁ;x'rxrxrxru
; -]
A

3 ]
-

-

E
FY

A A A
xxuxxxr.xr.xr.xr.xr.r.r.r.r.r..r.x.xn.rﬂr..rﬂr.xn.nr..x.n”x”xwrnxv.
U O P T T P P D T T D T T T T U T e e e e 5
I N
xxxr.xr.xr.xr.xr.xr.xr.xnxnunxunux”xx“nnxnr.xnﬂxr
A o

x.xnxnununxnuuunxnunnnnah

]
F
]
F
£

-
XM
F
PN M N AN KN A
)
)
s A

-
EY
i

]
F
o
]
)
o)

o
X A
N
i
A
)
X
i

k|

2

™~

>

F
A
A

MM N N NN N N NN NN
2
2
2
™

E N N
E N
.
L I

[ ]
I L ]
I PP )
E FIPI’.HU.HPIF.H?HU.HH .vﬂ e

X

A X M M M o N M M
A

X,
X
X
X
X
.
h_]

X
»
x

] X

-] X

) »

] X

-] -

) »

] )

) »

) !

x:xxxxxxxx:xxxxxxxxx

P P T P T P DD T DD

-
>

Y

FY
o
xﬂ

A B N N A

H:H
]

FY
E

H
F

Y
H’H

)
L

o A A AR R R R R R
xr.xr.xr.xr.xxxnxnxnxnnxrﬂx“xuu"“n
P P T e P P T e e U R B e e R W
xr.xr.xr.xr.xnnnnnnnnr_nnr_xnxnnanl-a
2 A .r.r.r.r..r.xr.r..xn.nr..xu.xn.nxnnxaxnlna
xr.xr.xnxnnxxnxxnxnnnnnxxxxaxnu"i
PN NP A A A A A el

MERENERERENEHRNRERERERINERTIREIRERTH
S
AR T Hﬂﬂnﬂﬂﬂﬂuﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

F
e
o,
F
P,
o,
F
P,
o,
F
P,
o,
£
P,
)

-
]
.
.
]
.
-
]
.
-
FA

E
A
E ]
-
]
M
H

F
Y
H
FY
M
FY

F
Y

A
A M Mo N e N M N A N N M

F
]
E
E
F
]
‘2
F
EY
E
EY
]
EY

F
kY
e
o,
£
P,
)

F
H
E
FY
F
Y
FY
E
H’H
.
E
f_ M
FY
~
Y
FY
~
Y
]
-
FY
o
W

Fd
)
i

o
oo
i
T
P

o
2
o
x:r:éx:rxrxxxxxxxxxxxxxxuunxuuuunxunxunxunxuuuu
i )
2
::::-
P
M
M
M
M
M
M
M
M
v
o A

L
2
L
N
o
oA

EY
o
Y
o
-
o
Y

.

F

)
2
)
EY)
e

FY
Y

.
.
]

PN PN N N K BN K KK
N A A e 4
X A
A A A A A i
A R ALK K A MK A KA A KA KKK A KK

..u
A A A A A A A A A A
A A A A A A A i

M M

> .
'H:HF?EF
H;:HHHH

P
H:HHHHHH
?‘!’HPHF

E
H:HF?EFH?'
H’HHHH

F
?E:RH?EH
'H;:FPHFHF'
E

H:H

H’H .

F >

?E:H
H’FF?FHF
E
IHIH?EHH

]
'HHH!HHHHHHHHHHHHH

o
]
£
M
Fd
H
)
F
£
M
Fd
H
)
F
£
{_ M
.,
H
)
~
£
M
Fd
FY
)
F
£
Y
Fd
H
)
Y
£
F
M

'HHHHH o,
£
P,
)
F
Fd
o,
£
P,
)
F
Fd
o,
£
P,
)
F
a
F
E

F

A
H
H
.
o
H
.
o
A
Fd
H
H
.
o
EY
EY
EY
EY
Al

F
]
E
F
xl'
FY
E
~
F
Y
]
]
E
~
H
Y
]
FY
‘2
¢
F
Y
.
FY
E
~
H
Y
e
~
Y
FY
Al

A A

)
£
£
a
£
e
)
£
a
)
£
e
)
£
e
)
£

FY
F
Y
H
~
M
FY
F
Y
H
Y
H

x:x:x”:"””
A
i i)
A M
A
A
x:x:x”
P
x;;x’x’
r:;;r:;;r:'
x;;xpx
L)
]
A A
]
A
]
A
A
]
]
A
]
]
e
A A
i)
A
]
L
Ll
A
]
A

)
£
e
)
£
a
)
£
e
)
£
e
)
£

H
o
H
-
H
e
-]
F
-5
E
H
o
o
M
.
-]
‘e
~
E
H
]
]

O i

i
R
PR
)

)

X

Y

.

EY)

»

EY

|

-
N
Il!xil!xil!ii!

A
-
-
.
::::;;.
o
I
-
)

F ]

b
L

M

Y]
X
i

2
!

F
X,
-

]

F
HHH“H .
£

E
F

F
Fd
)

o
.

-]
i)

R N .
A A A
A A A A, A A, A A A i
A
A A A A A A A A A A A
A A A A A A A A

2
.
2
)
2
2
e
2
2

|

E

E
FY
Y

e
]
F
]
]
oM A
|

X

e
)
"
]

o
2w
e
X
A
X
)

A
.
-
-
EY
>,
>

R N M

L

H
)
X
)
H

Y
H
FY
M
FY
F
| -?E-H!

>
H
>,
>
H
>,
>
H
>,
>
EY

R

]
X

L
"
]
)
Yy
)
-
.
-
]
]
)
-
.
-
F
]
-
-
.
-
)
Yy

H
xil'
£
M
a
H
)
]
£
Y
Fd
H
)
F
£
Y
Fd
FY
)
FY
£
Y
a

WA A E A NN
HI!H?EH

oo F..R.H.Hu.“!u._.u..

L

E
-]
£

o

P
Y
E
-]
Y
)

T
‘2
Y
2
‘2
A
a
‘2
Y
EY)
‘2
Y
F

X
>
X
o
X
o
i
L
)
.
*
i
|
]

A W

H.H
o

el

A A A A A
o o o o o o o o

.
e
FY
o,
Y
£
Y
P,
FY
)
~
£
F
Fd
Hd
)

F
.
-
EY
]

o

e
i)
A
2

2

|

F
)
o
)
b

N .MHMHMHMHMHMHMHMHMHMHM! .H#.Hnwr.nn
AN A A A AL A MK A AL AN K AL A N K
AKX .Hrn”x””n”n”xrn”n”x”xrnr oo
o e o A

"

H
)
X
)
4
]
MM

.
a
’H
F
P,
)
£
e
)
£
u
)
£
e
)
£
™
H.HHHHHHIHH'I

ol
k]

....r
HHHPE
L

]
L |

] _I“__“H“-__Hu__lu_“ﬂ!ﬂ!ﬂ!
F -

H

FY
»
A
A
A
M
A
A
M
A
A
M

i
»
M

-]

.l(.[,l.l.l,l-’ R - n.n a. ‘a'alaTala A AN A

: F.Hr.”r. ”n"n“n"n“n"n"a"n“n”n“n“annnnun”nnnr
KA »: o
3y w R
PR o A
o o
XK w K i
A, O P P
A A A A A L T L
I I o L T
F A x i L,
e R A A AR A i P
E . A K i
A A, A, 2w b
A A A A A R P i O O
LN I I I o IR R A K e
i : i i L
A A A A A A A A R : WA R
L . 0 O O : A I I
A, O i / A
A A AR A ’ P
I A I o
0 2 pi A, O, N .
e A A AR A A A W i
L . o Pl
A A A A A A WA L
”x”x”xHxHx”nmnmnfrnr.x”v.rv.rv. A m”...ﬂ..”xn .nl- n..naaannnnnnna“nnnnnnxannxxx
A A A A AR T
L o
A, O O ’ KK
A A A A A A X o
I A I K
I A A A RN g e e e e
Y, O, I A Lo N
oA A AR A A e x i A
YN I I I IR P A KRR e
F x A A T
A A A A R A O i
L 0 R I
Y, O . R T
A A A A A AR A AR R N A A A
I I A KR R e
F A, PO, 0, M A, O
M KN R

>,
]
H
>,

)
o
i
]

»
.
)
.
4

FY
Y
FY
Y
i
FY
FY
M
FY
FY

B MK NN RN
”x”r.”xuf .xs”xs”n”n”x”x
.annnnx”nun”n“x”n“n L
A A K N A A KN W
i
HHMHMHMH&W ”x:rr“ ” "n"__."a"a“nHn“nnnuxnxnnnnnxnxuxnnnxn HHMHHF.
A Sy i AR X R A R X X N AN X XN R i
A R R R R R R R R A x M w oA )
Lxmn”x”n”x”x”x”n”x”n. T i
A A
. Hx”x”x”n”x”n”xmnmx”n. na“__.H..“aH__.H..“aHnHa“nHaHn“onHx“xHxﬂxﬂ
. N R R R R R e A A X A M M A M N
I ERX XXX R RN W
N L |
A A N A AN A AL A, XXX R XX TR XX A A A A
N R R e e o a w w w aw n o N
A M A N A A AR A A A, EXXXXEAER XXX R
A A M ma a WA A M A M N
I R o a w w a
A e A A e e e x a a u
. A A e A A A o w a a m  a w
a0 aa a a a a a a  aa a A e o e
e A K A R X N MK
A A A
A A
A e a a a a a  a A A M A A A A A A A A A MK A
R A A A A
N ) A A |
I A A A |
xHnHxHHHHHMHHHMHHHHHMHMHMHMHHI nxnwn”nv.nwr A l" .
R X |
PP M PN NN NN NN K e .

A AN
E
HHHunHHHHHHHHHHH.HHHHH“H”HHHH.H K

Fh RS [ X

'y

) oy
Lk

. .........r.....r.-...rt.r?.r.-_. I"
F Ak kN e I-
A v e .
L O M A »
o i e e iR 1}
F oAk ]

Ll a3 Lt

s
P
T
T
N x
P

o o

ray e

B o

" )

Py o

. o

e o

oo

N

o

i

L

I

x s, R

TR T I o o

T T e A

[ T T Sl Pl b e i ol gy Sy )

A m momm o moaa ko amaam koa d g g ae A

a'a A AN

oo o o

R AN T AR

|

i Sl et S Mo N N A -,
P N M e  w x  aA
I I T O S Sl gl g S Py Pl
s T e e e e e I
e e e e e i e

A e e e e e e A

| I & & b &k
4 & & b & &8 &8 & &2 & mT

" m a a m s a s aa s s s maa ks h kA Ak aaaar kR
.

R )

Ll
[ B R R R I
Ll FIN a a2 a2 =

a =
a b & bk h b a h aaaaan
a =

ey K P S S R

g

%

FIG



US 11,715,191 B2

Sheet 3 of 9

Aug. 1, 2023

U.S. Patent

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII M = m = m = m = = m = = m = m = = =

S e ke de e e dr e dr e dede B dr e de e e de e de e de e de de e de e de e de e e dr e dr e dr de dede dede dede dr b dr de dr B 0 M B M A M A Ak

4
4
1

M = M m M m e e = e e e e e e e e e e e e e = e e = m om e e e e e e e e = o= = = = = =

2" -
i R S A S A S i S e e g e e e el de de O e e b e de g de dr e e e b de B de dr dp dp d b b de g de dp g de b b g g de g b e e b de b de de O B B A B AW
i A ke b e b g ke ke b de de b de de de b de b b de de de de de d dede b de B de Al ke de ke b de e de B dede b de b b de b bk b b b b bk kM
Y Y EE R R R N N e Sl e dr dr b b b b de de de dr dr dr e de dp de de de dr dr e Jp de dp de Jp dr Jp e Jp de dp de dp de Jr dr 0 e Jp de dp de Jp dr dr e o de de de dr dr dr Qi Jr M de b A M b b i b M A & a
M [ S e e T S S e S e T e e e S A e S ol i i
P S e g g b e de b de de de de dr de de de de de de de de dr de de de dp de dp de Jr Op 4 dp dp b dp de dp de dp b dp de b de dp de Qe Qe dr de de b de de de de O b 0k B B A B M b b kB M MM Ak
ah h dr i dr i dr ke de de de de dr dr dr e de de de de dr dr dr e e e de e dede de de e e e e e de de dr dr e e b de de dr Qi dr Qi Jr M B M de & bk kb M kA A M a k m b oam
O R S S S e e S S S e S S S S e e e g e e e el de de de e e e b e B de de de e e by de b de 0 dr dp e b de B de dr de dp e b b b de dp de dr d e b b de M de de dr Jr & b B B B M M M Mk
P e e A T T R N ke ke b g kb kb ke de de de de b dede b de de de de dr e b ke b de b A de e b de b de B de de b bk bk b b de de O & de kb b bk k k k k  E A A Ak .
R Sl d dr dr b e b de de de dr dr dr e o de de de de dr dr dr dr Jp de dp de dp de Jr Jp Jp dp dp de dp dr dr dr Jp dr Jp de de dp dp de dr dr Jr do de de de dr Jr dr dr 0r Jo B A A M & .
- » e S e T S S e T T S S S S e S S S S e e e el S S A i A S St ¥ .
. S e de de b e de b de de de de Qe de de de dp de de de de dr de de dp de dp de dp de Jp d o dp de dp de dp de Jr dr J de b b dp de dp de Qe b de de b de de de de dr b & b b b B b b bk kB A & -
» kb dr b dr i dr kb b M dr dr dr e o de d dr dr dr dr e e e e e de de dr dr e e e e e dede drde e de b de de dr dr dr Jr do de de b dr b i i M M B A A M b b m mm s oaoa ko aa r
. B S S S e R e S S e e S T e e S T S S S e Sy e e S S S T T T T T T S i e e e o T i -
- » P N I I o T I o o o o T S o S e e S S S e e S S e S Sy S S S e S S o T i T .
. e dr dr b e b de de de de dr dr e Jp de de de de de dr de 0 e dp de dp de Jp dr Jp e Jp de dp de dp de dr dr 0 e dp de dp de Jp dr Jp e e de de de dr dr dr dr Jr M de b A M & .
» » [l S S S e e e e S e e e T o S A e e e e T T S T S S e Sl S S S g S A A ¥ .
. S e b B b e b b de de de de de d de de b de de de de Jp dr dp de dp de dp de Jr dr Jp de dp b dp de dp Jr Jp b dp de b dp de de de Qe b de de b de de de de dr Jr do b b b B b b bk kB B A M A M Ok kA k -
- » A dr dr dr & dr k dr kb b dr i dr dr e e de de e de de dr dr e e e de e dede drde e e e e e e g dr dr e e dede de dr dr dr Qi e de kb de & dr b M M B A a M oa k m b om hoa hoa ka ks komaaaaa r
. B e e Sy Sy e e S S S R e N S S e e e T S S S S S S e e T S S R i e A Y -
» » AR M e b R R kR Ak g e b b e B de dede e b ke bl de de de e e de b de B de dede bk bk b de e de O b b b b de b e b bk kM A A Ak .
. e dr dr b e b b de de de dr dr dr e de de de de de dr Jp e Jp de dp de dp de Jr dr e e dp de dp de Jp dr Jp dr Jp de dp dp dp Jp dr dr e e de de de dr dr dr dr e Jo B A A M & .
aa 2 a A e e - » e e e e e e e T T S S S R e e g S T S S e e S S S el S S A i g S S R S ¥ .
TN » . S e g g b e de b de de de de dr dr de de de de dp de Jr dr d de dp de dp de dp de Jp dr dp de dp de dp de dr dr J de dp dp dp dp dp de Jp b de de b de de de Qe Qe dr do de b b B b b O b & B B A M A Lk k& -
» » A h M dr dr b bk B M kA dr e e b de e dede drde e e e e e de de de dr e e e e e drde dr de e e e e e dr de dr dr e e b de de dr dr dr Qi M M Bk A M kM Mk A A Mk kb b amoaaa r
» . B e e T S S e e S R N o S S S S S S T e e e A S A L A S S Ayt -
- » P I I o I o T O o o o e S S S o S e e S S B e S S e e S S S S S e i A A S S e e e S S S S S S e S S Y .
» . a e dr dr b e b de de de de dr dr e e de de de dp de Jr dr e e dp de dp de Jp dr Jp e Jp e dp de dp de dr de 0 e dpdp dpdp dp dr dp e Jp de dp de dr dr dr dr e do de de de B dr i dr M M B de A M i Jr b M M A & .
» » [ S S S e e e e e e e e T S S e e T S S e S S e e e e e e T e e S e e S T Ty .
» . S e de g b e b b de de de de dr de de de de de de dp dr Jp de dp de dp de dp de Jr dr 4 de de b dp de de de Jp d o dp dp dp dp dp de Jr dr 4 b de b de de de de dr dr do de de b de de dr e b 0k B B A B A b kW B A & -
- » ke dr i dr i dr ke kb b dr d dr i ek e de e A de dr dr e e e de e dede drde e e e e e de de de dp e e e e dede drdr e b de de B dr Qi dr b e Bk M kb bk kA Mk kb r
» . e e e e e e e el de de de e e e b e B de dr de dp e b b b B dp de dp b b de b de dp de dr de d b b b b b g 0 -
» » PR N T T I I T S e e e S o S e e S S e e e S S S e e S A A S S A e e i e S S S S e e e A i -
» . S dr dr b e b b de de de dr dr e e de de de de de dr dr e Jp de Jp de dp de Jr dr 0 e de de dp dr dr dr Jp 0 0 0 d dr dr dr dr .
2. » e S S R S e e e e S T S S e e S Ty S S S e e Sl .
» . S e g g b b b b de de de de de d de de b de de de de dr Jp de dp de dp de dp Qe dp de dp de dp de dp de dr de ddp b b drodp dp Jr dp b b de b de B de de dr b do de de de de de Qe dr dr do kb b B b dr b bk B B b B A bk k& -
» » A dr bk kM kM d dr e e de de de de de drde e e de e e de dr dr dr e e e e e drde de e e e e e e e g dr dr e e b de dr b M M B M e dr  dr bk kA Mk kM kA A -
» . e e e e e e ke el de de de e e e b el de de de e dp e by e B de dr de dp e b b b de de de Op dp d d b dr g g dr de b g by b b b de de dr d e e b de B de de dr d de de b de de e b O & Jr B A & -
- » [ S S S e A e e S e e T e I S T S T O T T e S o o o e S S o e e S S S S S B e S A S S S e e S S S S e e R A A Y .
» . Tl e dr dr e e b de de de dr dr dr e e de de de dp de Jr dr 0 e Jp de dp de Jp dr Jp e Jp e dp de dp de dr de Jp o dp dp dp de Jp dr Jp Jp Jp e dp de dp dr dr dr e o de de de dr Jr dr dr Jr Jo & de A dr 4 dr & Jr 4 A & .
» » P I T T I T T o ol S S S e e e e S e i S e e S S e e e S e e el S S S S S S .
» . S e de de b e b b de B de de dr d b de b de de de de Jp de dp de dp de dp de Jr dr 4 de de b de de de de dp d o do dp b dr dp dp Jr Op b b dp b de b de de dr b do de b de de de dr O Jr kb b de de b b O & Jo b A & -
- » A k& dr b e kb b dr i dr ek e de de de de dr dr e e e de e dede drde e e e e e de de e dp e e e e e g dr e e e b b de B dr i dr M ek b d dr  dr M Mk A A M Ak k kM M a k r
» . F e e e i o S S S e e e S e e N Sy S e S Sy i Sy S e e S Sy A Y r
» » 2 R L L L R ke kb B g b M ke b b de dede dede b b ke bl de de de e b de b de B de dede bk bk b de e de B b de b de b b A kb b b b de b e bk k kA A Ak kA Ak r
. a d dr dr b e b de de de dr dr dr e o de de de de de dr dr e Jp de dp de dp de dr dr e e e de de de Jp dr dp dr dr dp dp dp dr dr dr dp Jp dp dp de de de dr dr dr e o de de de dr dr dr dr Jr Jo de & de A dr b dr b M B A A M & -
aa 2 a e e e e - » e S S S S i S S e e e R e e S e T e S e S o S S e e e e S S S i S S e e e S S A A A A Ay .
YT YRR L S e g g b b de b de de de de de de de de de de de de Jr dr Jp o de dp de dp de dp Qe dp b dp de dp de dp de dr dr Jp de b de dp de dpde Jp b doide dp de dp de de Qe b do b b de de de de O & Jr & de b M b dr b J kB A M B M L M & & -
- e ek e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e b b e r.
h r
"y PR N N N I I I T O T o oo o o S o o e S oo e e o o S S e o S g e S S S S e i i S S S S e e e A A e e eI .
. a de dr dr b e b de de de de dr dr e e de de de de de Jr dr 0 e Jp de dp de Jp dr Jp e Jp e dp de dp de dr dp o dp de dp de Jp dr dp Jdp dpdp dp de dp dr dr dr e do Jp de de de Jr dr dr M Jr & de A dr 4 dr i Jr ki de & de M Jr b Jr 4 4 & .
» P T I T T I T T o o o S S S e e e e e e S g T A e S e e el S e S S e e e S Sy T g .
. S e de g b e b b de B de de de d de de b de de Jp de Jp dr dp de dp de dp de de de dp de b de dp de dp de Jp d dp dp dp de dp de dr dp d o dp dp b dp de de de dr b de de b de de de de dr dr o do de b de B Je b O & Jr b A M B b b bk B b & -
» A d  dr b kM e kb dr d dr ik e de dede de dr dr e e e de e de de drde e e e e e e dp e dp e e e e e dr e de dr e e b i de dr dr dr dr e o de de ki dr Qi dr i M b B A A Mk kb M Mk A A M bk m koa ka r
. Bl e S e T S S T T e S S e S A e Y I T S e S R e A I I -
» N e N T T T I . .
"y L L L L e L e -
. S e de de b b b b de de de de dr dr de de de de de de dr dr Jp de dp de dp de dp de Jp d dp dp dp de dp de dr dr d dp dp b dp de dp dr dp de dp dp b de dp de de dr J o de dp de dp de Jp Qe dr b de b de b de de dr b Jr & b de de de e b O bk B B A B A L kA oak .
» A ke e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e b b .
h -
"y B e W e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e el Wk el e e e .
'y s e w e e e e e .rH.r .r”.r .r”.r Plafigi i i .r”.r o P P e i e .r”.r .rH.r.__..r.._..r .r”.r e L "
st A W W W e .r.r.r.r.r.v”.r .t”.? .r”.r k”k#t”k#k#t###k##”k#.r”t ..1”.r......1”..1......_......r###k#t”k#k#t#k”k###k#.r#t ..1”..1 .t”.?.....t”.r .
"y T, PR e .r.r.r.r.v.r.r.r.r.r”.r .r”.r .r”.r o P e it .r”.r .r”.r i P et e et .r.....r.....r”.r.....r”.r gt .r”.r i ) .
"y PR N .r.r.r.r.r.r.r.r.r.r”.r .rH.r .rH.r....rH.r....rH.r..........r....r”.r .rH.r .rH.r.._..rH.r...........r..........r....r....r...........r.....r....r....r”.r .rH.r .r”.r.......”.r Plafin A " e
st T- .._.r.t.r.T.r.._.r.._.r.._.r.._.r.._.r....r.._.r.._.r.._.r.r.r.r.r.v.r.r.r.r.r.v.r.r.r.r.r.v”.r .t”.? iyt e e i ..1”..1 .t”.? e ..1”..1”....... 1H
"y -"""l B e W e e e e .rH.r .rH.r.....r.....r.............r.....r.....r.....r”.r .rH.r .rH.r.............r.............r.............r.............r...........r..........r....r....r....r....r....r....r..........r X ....”.__ " .
"y .ltI P .r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r”.r .r”.r Pl i .r”.r .rH.r.r.r.._..r.__......._..r.._..r.__..r.._......._......__......._......._..........r....r....r.....r....r....r.....r....r....r.....r”.r....- . ”
st * A W e W .r”.r k”k#k#k#k”t#k”.r#t”k .r”.r ..1.r.r......1”..1......_.......1......_......r......_.......1#k#t###k###k#k#t#k”.r#### xh "
"y . .r”.r.t.__.v.__.r.r.t.__.T.r”.r.r.rH.r.r.r.r.r.T.r.r.r.r.r.T.r.r.rH.r .r”.r Pl Pl it .r”.r .r”.r gt .r.....r.....r.....r...........r.....r....r....r.....r....r....r...........r....r”.r .r.....r.....r.....r” ' v.
"y #‘ s e e e W e e .rH.r .rH.r..........r.......H.r....rH.r....r”.r .rH.r .rH.r.._..rH.r.._..r.._..r..........r.......;..r..........r.;........r....r.;..r....r....r .r....r....r”.r”n o
st RN ....._.r.._.r.r”.._.r.r”.v.r.r.....r.r.v.r.r.r.r.r.v.r.r.r.r.rk”.r .t”.? i e i .T”.r.r.r”k i ..1.....r......1......1......_.......1......1....r....r.....v....r....r...........r....r.....v....r....r.r.v .._.__.rq -
"y aa H.r.r.__ N e wa w .r.........r.r v .rH.r .rH.r.....r.....r.............r.....r.....r.....r”.r v .rH.r.....r....r....;.....r..........r....r....r....;.....r..........r... .....r.....r.....r.....r”.r.....r.._.1 Ta T "
"y PR . .r”.... .r.r.r”.r....r.r.r”.r .r.r.r.r.r.r.r.r.r”.r .r”.r Pl i .r”.r .r”.r P e T P .” oo "
e e e e A e s e A st .._.r.._.r.._.r.._.._.._.r.r.r.._.._.v”.r W .._H.t.r.v.r.r........r.v .r”.r waw .r”.r .T”.r.....r.....v......_......r.....v.....r.....r”k i k”k###k#k#k###k###k#k#t# .....r.....r.....v.....r”.r......_......_”... . .
et e e e e e AT "y PR .r.r.r.r.r”.r .r.....r.v.r”.r.r.r.v.r.r.r”.r Pl it i P i P Mot .r.....r.....r”.r T e e T T .r.....r”.r_ ..”. P "
»” e M e e > .r.r.r”.r....r v e v .rH.r....r”.r.;.........r.;..-...;..r....r....r....r”.r#.r”.r .rH.r.;.........r.;..-...;..r...........r##t..r###tk##.r###.r###.r##b v LotLt o T
“at o W e .._.r.r.-..-. ' k.r.v”.r”.r.r.v.r.r.r.r.rk”.r e ........................T..........r.....v....r.......”k ..hl. oo -
"y B e wa a e H.l.._ ._. .....rH.__ n .....r.r.r.r.r.v.__ S .rH.r.....rH.r.............r.............r.....r.....r.....r....r....r....r....r....r..........r...........r..........r... et e "
2t s a a e e e .r.r.r.r”.r.r.r > St .r.r.r.r.r.r”.r P T e e T P i P e i P e i -
st W W e e .r.v.r.r.r.r.r.r.....v”.-. .r”.r”.._ L .r.rH..1......1”.r......_.......1......_.......1......1.....r....##k#k#k###k###k#k#t###.r# it a"
"y R e e i PR e e e e e e e e T e e T e .
. I I o o o P A I O o o g a u e e r
» A a AT a e a s o e e R e e B e Sl S .
. T A e A e e A e by e Ay e de e A e A .
- e e e e e e e e e e e e e e e e e U e e U U U U U U U r
"y AR L AL e ke ke de b b M b bk M o T e e R e o S S S Sy S S .
. CaT A B a b ke ke ke de dr dr Jp b bk Ak P e i i i i i i l al ..
- e S e e e e S el Sl Sl S S S it & O e e Sl S S .
. T e A b A e A S e b e Pl i i iy rin .
» 2 a4 Mk dr ke kA kA dr drde b e b ke P i e i e .
. F e S S e e S S Sl S Sl Tl S S S SR S R S, o S e S S e el S r
- o S e e e S S o Sy S S S e e Sl o e S e e e A i v S S e .
. a dr dr dr d de b de de de dr dr dr 0 de b A de dr Jr 0 i i i i N .
» P T o o S S v o R o e e R A e .
. B S e e S o S S Sy S S S S b b b drdr dr i o dr b g g dr dp ke i -
- Ak e e e e e e e e ey W N NN N NN NN N NN .
h -
st A kLA e b b e de bl de de O bk e b de de ke A de o de i [ e o e o e S S S S .
. Sl W ar B i kB gkl dr dr dr d e b b de de de dr de J ok A i dr L dr dr e dp e e g .
- P S o T I o R R Sl S o Sl S S S e e e S S St S .
. B S e " half tp iy Spi ittt iy e i ds F g S e i S
- T e » e Xk ke ke k a k a i A k
h .
st B e a e B e a we we we we we w v Lo e o o e e Sl G e e e e e e e
2t B R PR i - Pl i e e i P a B T e T e e T s
. B T S S S Sy U i A i i i i, .... e i it e e i i i e et
- A e e i e e e e e e e e e e e e U e e e ¥ N N N N N NN NN NN NN
h e
* e e e e L Foafialrt P S S o e e e o S o e e S S S S
N N N N AN Ny P L A ww x e e e e
s »
e R
T i e
L o o A L R tn e
P L A al a aa aa
L L I I T ey Y
I e N I ] e dr de dr dr Jp d dr dp dpr de oy dr dp de e dp ip dp il i i i b, R I T
ib.—.—b.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._....._.__.r.r.__.__.r.r.r.r.r.r.r.r.r.r.r.-. [ e e S St el B L. W dp iy e e iy ip ip ip 0 e dp i
P L N I I T I I T T T T T T T T I T T T T T o S e e S S S B e i S S S o e e ol . AL NN A2 N
PR AL L ML AN N
i R e e S e S S e e e e S S i S S e S S S S S e e S S S [ e i S S Rt i
e S R Sy A S R e O T N I I T o o o o o o o ] [ e i e S i N N N N
I e e i e g i a a e p a ara Pl i W dp i e i O o dp dp b dr dr Jr Jr Jp dp e b b kA A .
PR T I T I T TN T T T T T T ST oo oy S o e S Sy S S by i R bR P N ] O I T L o Sy Sy
T e e e S S S e S e A A S e e S S I O T o o o o o O oo ol o oS o e S Ry W i e e e ey dp dp e dp e ke ke b B
AR R N N N N o P N PN L L S ey g ey
N RN N N N N N T o o ool ol Sl S S S S i S o o e S S S St S al a I a Salrta e ey
R S e e R R A S T Sy S S S S A R N N o o N N N N s ad b g dr b ok k A a a W e b b b b d b b b A O
2 a a a a i  d  dr  dr dr e e b de e de de de de e e e dp e R A e W W it e e el dr dp dp i dp e dp e ae de a0 .
e o L I o
P N N T T I T T I o R o o o e e e o o e e i S i B S L O a alr e Sy
P I T I T T T T T T I T o O ol o ca el gt g R g g g R R g oy oy iy g iy g iy gty g P L e e
T S R S e e e S e T S S e T S S S S e e e e e S T T . . P o S A A I o S e
AT R b ke b ke B de b g b b b b de B de dr de b de b b b de dp de dp ok bbb dr dr g drdp ko dde o ke wa T T W a b dr dr i kg Ok ke
i T i s g T ar ot e e e dp p i il e e e e
P I T T T T T T T o o o o ol o S A e T N N N N A N A L
i e S e e e T e S e S o T T S S S S e e S o e o e e T S T T w S ' . L L ar a e e de b dp p e e e e ke
N R T I T T ol o e A T T AT iy i e i e g
P N N T T T T I T T R T o o o e o S S e e g i S S S ' N N A B L e e
T R i e A S I A T g Ml e i
i i i g a a a  al ar alrndy o A N
D I T T T T T T T T T o o e e e ey g iy S P N L L L L L
e P 2 a s e P O N N N N R N R I A o e a a al ad) ' W e W iy oy iy de dp ke
A E h h s s A A e N a e N M i A h M U dr b e b b de de de dr de e o dp de dp dp Jp dr dp 0 dp dp dp dp dr dr dp bk A ar x W a el i il e i b
A e h e m k a A A [P S A R N N T T T T T T I T e e o ol e S e S S S S ' A A L o e v
O e O e T T T T S s 1y e Sy Sy e S S S e T T I T T e S S i Y W e A d d Wl e b e e e e i
I i e g i N i i gl ' L N A A
e S SN S S o o o ol o P I I L
O T e e e A e S e e T T o S S S S S e e T S e S i e T & b dr dp e dr dp e
T T o T T o ol o e P L L
e o e e o P i I L S i Ty
PR I I o T o ey I R T T T et LR S
o ke ke ke e e e e e ol N M I aa N L
R i P Pty R T g e P P L e e P e R
N R L L L M) P L L
o i iy e O L L g e el
Py WA e i e i e Wi i T T e T T
wox AL ML N L A Al Al Mt o e
» iy’ NN N »x P L A
s S R Ep g Cp S L3 [ [} L I O el e e
AL AL ke ke b b ke b b dp ke b [ W d & b ke i b g A O
P e i A i i i i i L N
e R e S Sl T i S S en N N N N A o S s
P S S S A e e S S S e S i S A S S S e ™ W d W e e ke b b
4 a a M R M M d drdr kb ke kb A dr dr i W i i dr dr dr 0
T S S S e e S e e T S S S S el Sl S Sy W W el ey ke ke e
[ S e S S S S St R S S Sanf S S S Sl S S g S W d e b b dr i i b ke dr O
T a R R E W d dr b e b b b dede dr de MM A MM N NN
R T gy Sy P i
AT e e T T e
L M L e ey
P O e
L T 0 i e e e
P L I N L L ey
P L I et et
P L L
L T T T Tl o
O L o i i
L AL L o

& 4 & & & & & & & & & & & s s s s E s s S S kN N h S s NS NS E N o b b & & b kb kS E
. = nnnnnnnn.__.__n.__.._.__.__.._.__._..._.r.r.r.r.....r.....r.r.r....r.....r......................r......nnnnn.__n.._.__.__nnn l.-..-_.-.l.-.l.-..-..-........-.....................r.......r.r.._.r.

Y EE RN .__.._.T.r.._....r.._.r.r.r.r.r.-.”"W".....-..r.r....r....r.r.r...#....rl....._.....-.n.rn.rnn.._.._ ETC I W i i i i i i dr b e dp A A

._...4.4._...4........................1.._.._.

I-_- A A N T L Y - .-_.-..-..-..-_....-..-..-..........................r....r....r.r.r.rb.r.._.r
E

e A AL N N N e

. L

s W ey e e e A

¥ N N

x W i iy e e A i e de

P Ll g
Lk A A &k d b e bk ke ke

PN Ll L aEC S

2 s & 2 a & 2 m & b b & = a & W dp o dp dp dr Jdp dr Jr A & Jr dr dr .
O Oy L N
m a & b a s adpa kb okowow i B & e b i i dr dr dr dr & Jdp dr dr
o oy gty LN L R o Sl iy ety iy g
g, :
Ll LR R e . o AL MM I NN N
L o e o o A
P X XX N K AN B AN Ll e g

Wl i i g b de O b b e de b e

N Ll e e

:H!F!x?l
MM X A
-?l-l o

A A e N N g A e
Wy e U e e e e MW
o NN N N R N
-.*.T.T.T.T.T.T.T.T.T.T.T.r.f.

X & %
b
LI I.'.Ii.r-.T-.r & &

..
& ar

e S e e e

e

T -
e e N
L A N R o
.“.r.r... N M N NN ._...4._._.__..__..4._..4._._....___4.__.“
- A L
e e e D e o wow

L s S
ar e e a e T ae Ly
O N O ; EOUR

& A & o
o e T Y,
L at [ et

F

r ‘.I
My
Eal ot )
»

)

%

»

.
r
RN N )

5
5

- A a2 a =
4 2 & 2 & 2 bk 2k a2k
- a2 2 a2 = a

L}
i
i
& &
)

" & &2 2 & &2 2 a2 a3 a b a

»
i

¥
¥
X

»
L) 4-:4-'
:*:'4*4- »
RN )
)

X
¥
»

r
Fy
¥
'y

L)

RN NN

»

-
L ]
L
&
L ]
L
»

»
)
»

a & & &b &

L)
e )
»
44-:4-4-4-
Rt R N M)
.

»

E )

w 2 & & & & & a2 & & & & & F i
I L L

X ",

o e L

¥
L)
5
»

W W W
. JH.___“.-. _-4...“.4”4“...“
L) L )
. R
L )
S LB o
FE R kR Ll a3l k) *
Fr e e mom o MMM M L .
LR C C B B0 A
L R R
LR RC C B 3 a0
L C C N Al
L R S
Ll
L C aE B a0 a0l
L 3l Bt
L E 0 e 3l a3
ECaE a2l W k)
L 0 SRl
EE a3l
L0 A0 0 3 3 20l D
L Rl sl g
L E 0 3 0 e
L RO S 3 aE Al b
LR S Sl
Al )
Ll a0 0 3 2l
LR R
L a0 0 0 3 a0
L a3l i
Ll Ol S Al
Rk aa )
ot e

-

l.“i”l.“l.“l.”l.” “ ”
A0ttt
P A
W
L
AT
. .._H.q“...“.q”.q”...“.q”.
A Al )
W
N NS

& "
L0 0 el
Y .

L)

LI N
IR i
I-t.r.r.;..r.r.'.!

L)

» L E B a2l sl el
] MMM MMM MMM N M NN
e ) L) Ll
i iy A L) Ll e
o M A d i ek e w
L W ) Ll L sl
drdr d A AR LG e
ks Ll Al N
- AL 0l 3 aE al Bl A L 0 3 30l N
" sl e
I dp U dp e el e e e e e e e U e el d e e dp i e ke kg kR Wy e i dr ki ik
o e I N A I N N M M D B A N M M M e AN M M N A A M M M B A M O R AL MMM N A AL AL
N e o L) L 3 N
I dr e Sl i e e e e e e dp dr e e i e i L bl a2l kD
N N e A N N R RN M) L A
PR N k) iy e e el e dp e b ey e e e e e e i L0 0 0 0 3 3l sl
L L e o el kil Al M LC R S N Al el
By 0 At iy dr e ey oyl iy el e e ey e A LR e Sl s s
A d L L e Bk kR A & Ak & &y e e dr e e dp dde ke R kR Rk Ak k R
e W e A e e dr dr e iy e e e dp e e e i kR Rk L 0 A0 0 3 a0 3 aE Nl
N e e e R R R R el
A e R AR R e e dr e ey dr e eyl e e e e de d e kR kR Rk &k &k &k R & & &k i &k ks
N N e e kN Rl e k)
e ip e iy ap Sl e iy iy dp e ey e iy g e ey ey iyl et Sl o at d d a dt  d ad  d dr e
R e i E E E E a aE E  aE aE EE E EEaE aE  l aEal W
L e e e a3 E Bl A aE 0 30 a0 aC 0 3 20 C M a0 E BE sl al 3l
N R N R e
aa a w a W  ae  e e e ae p ip e ey iyl e iy il i e e e iy oy e ey i e e ey e ey e e e il e e e R  d  d ke ke i ke
N N o  a ar  a  r E a a  a  aE a k aE ak E alk aE aE E E E E E aE Ml il Ak al
a e w m a R ae ae  ae e e a ye ap ap p iy il i e e ey dp e e e e e e e dp e e ey e e i e e e ey e e e b e dt i i
D I L kN
R R R N e e kel i aE aE E R aE aC 3l Al Al C a3 2l 2l al
D e s
a e R M R R e e e e e e e U e eyl e e e iy dp e e e e e dr e by e U e dp o O e e dp e e dp e ey e e e e i e o  de & dr i i ke
i a N N ko il kol sl ks
e e e e e e e e e e T iy ey il i ey e e ey e eyl e ey e g ey Ly Ly e iy dp ey iyl iy il e it b et e e it e e
D N N e e N N N A
a b R R R R e de e e e e e e 0 e e dr e e e e drdp e e e dr e e e e e e ey e e dp e e e e dp e e el e e e i & i i i i
D e e ke
N e R R e e e e e e dp 0 e e dp dp e dr e dp dp e e e e e dp e e e U ey e Uy e e dp e e e e dp 0 dp e e dp e e e d e d e e e d ki ke
N I o o e a a  a a al a  a e e ak  aa a a lEaEa E E  E Eak a al ak kg
D e e S a aa
E R R T I T N T I e o o N o o g
= . kb ol el i a E E aCa al il al bl al al
D A e e o
a . e R e e e e e e e U ey A e e i e e e e e e e e e e e e e e e e e e e e e e e e e e U e e U e ey 0 iy e e e iy e i e ke
N I o a  a al a a a a a aa k E E Eal a k E al  aa
a - D e e N s
D I o I N e o N N N o
aa A R R e e e e e e U e e e e e e e e e e e e e e e e e e e e e e e e e el e e dp e U dp dp i e dr e e e e e e e
D g g e e e a al aaa aa
2 ma a2 a2 a a2 a2 a2 bk a2 & &b b & b & & Jrdo dedo e dpodedpodpodedrodp de dp dp oo dp oo dedp de dr dp dp de de de de B de de de de de e dr dr B Jr B de de e Op de Jp de dp dp dp dr e Jr dp dp dp dp dp dp dp dr dp o m
N N k)
2 = ma 2 m 2 =2 = 2 a2 & h b & h b & & Jr drdr Jr dr dr Jr dr Jp Jr Jp Jp Jr Jdp Jp Jdr Jdp Jp Jr Jdp Jp Jr Jp dr Jr dr Jr Jr Jr Jr e dr Jr Jr Jr o dr Jr Jr Jr Jr Jr o dr Jr O Jr Jr Jp Jr Jp Jp Jp Jr Jdp dp e dp dp e dp dp dr Jpom
I N I I o g N
a a h om khom &k A ko d o ded doode drodr o dp o de drode dp o dp dp dp dp dp dr o dr dp dp Jp dr dr dr Sr b A & Jr b dr h dr B dr G dr 0r Jr & dr Jr de de dp dr dp r dp Jp p dp dp dp dp dp dp Jdp dp drodpow
D N N e e
2 2 2 & & B & & A b i e dodododrdrdde el dpdeioddrd i i i rh bh i deddddidid el ddeddddrdrdrddpdroip doipdpird drdo dou
D N N a a a a  a a al  aa al aa
a a & = & & & & h & & & J Jo dr B Jr o dr Jr dr Jp Jr Jp dr Jp dr Jp Jr Jp dr Jp dr dr Jr dr dr O 4 Jr & 4 k O & Jr & Jr k S & Jr & Jr Jr Jr dr dr Jr Jp dr Jp Jp dp Jp odp Jp dp dp dp Jp dp dp dpom
Ak & kb A Ak k dd it i i b dp i o dr i drd i b dpdp rdrde i irde b dode b i dr i dded o de do dodr dr b dr dp Jr o dp Jp Jpoip Jpoip dp dp odp dpodp dpodp dp dp o
.rl.rl.r.r.r.r.r.r.r.r.r.r.r.r.'.r.'.r.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T dr b b b b o W ok i o N .T.T.T.T.T.T.T.T.T.T.r.T.I.T.r.f.r.T.I.T.r.f.r.T.I.TE.TE.T.I.TE.TE.T.T.TE.T.T.T.T.T.T E e B O R T T P T . T .-.T....T.-.T..T..T..T
e e e e e e T T L L L L T L s e e e e e .r......1.....r.....r.....r......_......r.._..._..._..r......_..............._......._......._......._......._......._............r..........r..........r....r....r....r....r....r....r o
Lk & & A kA b e dode dr dr O Jr O O Je Jp Je Jp dr O Jp O dr Jp e Jp e Jp O Jr O Or b U b dr ko Jr h Jr & Jr & dr 4 e Jr e Jr Op Jr dp Op Jr o dp Op Jp Jp dp Jp dp dp O 0 dp 0r dr Jr dp Jp dp Jp G O B Jr O be e O O O &
& & & & & & & & & & & & & a2 a hk & & & b & &k bohohiodii i i i i i iiiirh s s s s s E s s Ak s s ks s kS N i i i i i i ik diidii i iiih kh
" 2 2 2 a2 aasaaaaaaa2aaaaabuibababbbbbsbs dbs b b b b b b b b b b ddddeddddddedrdddeddedddddded et b bbb bh ddeh b b b dddddeddedeodpdod dpdrddod e o ki ddddd i ddddddiiiid
4 & & & & & & & & & & & 8 a2 a h a s h s s A s A bihddirdrddrdrd i i i iirh i ok s s h s s h s s h s s A S - A Nh S i iird i dird i dird i ih ih ih ¥,
L & & b b & b & & J dr dr Jr Jr Jr Jr Jr Jr Jr Jr Or Jp Jr Jp Jr Jr Jr Jp - O Jr Jr Or Jr h Jr b b M Jr & Jr b Jdr & Jr & Jr Jr e O Jr Jr Jp Jr Jr O Jp Jr O Jp Jr o dp Jr dr Jp Jp Jr dp Jp dr Jp Jp Jr o dp Jp e Jp Jr e O Jr e O O 0 &
a a2 a a b b b b b b b b b s b irh s s s b s s b s s b s s h s s E s sE LNk ki bbbk iirh bbb s
Ak & b Ak Ak ko ko d S do S dr drodr e de dr dr Jr Jp Br Jp O dr 0r e Jr e Jr O Jr Or b bk O ko Jr bk b & & A & Jr e Jr Jo dr O dr 0 Jdp 0r Jr Op Jp O Op Jp Jr dp dr o dr Or dp Jp dp Jp Jp O dr A dr b e O U O O O 0r 0
' [T T T B T | [ ] ' & & & & &2 & & & & & b & & b & o odohoddoidiih s s s s s s s s s s ks s ks s ks sk d S NS S oSS i i i i i i i i i i ik s ks h oS
e or roor o N Ak & kb A Ak kM h Mk dd il i dd ik kb kb bh bk b bbb b h b idddddid i ki i i i idiiiiikiilklildk
' LI T T R | [ ] ' & & & &4 & & &4 & & &2 & & & & & & & & & & & & & & & & & & & & &k b b o ihiiiirh s s s s s s S s Ah s s b s s E s s A A S A A A NI oA i i i i i i i i i ks s s Eh s E S
T T . P I I T T I T T e O I T T N I I T I I




U.S. Patent Aug. 1,

2023 Sheet 4 of 9

.l! E |

LN A N M M_N

1 -lnlllllllllll
R
L N N A M MM
- AA A A AN A
i N_A N A |
A A A A A A
A N NN |

i

o

_T

3N

I-H
|

i
-
- LAAA A A
A A A
AR R n_a ki
A
A
i i
|

i

. = i e -
R N A R N
. A Al
o
A n A A A

RN .
A A el

i

|
I
L

|
|
|
|
. - = . .
.... ..... ... . PR - .. PRI L Y . - = Y - = .
¥ - - oy - LN R NN PR |
ettty - I:I:I* l:I:I'I ¥ TR REE R RERE - SRR - TEEEE LR .
L L LN o TR LTLEE . . Bl o
. |
. |
!Ni_' =
bl )
A |
R |
el 3 |
|
|
|
|
|
|
|
.. .
W e :
A -
. i) P ) |
¥
. "':l'_ - :a:n:n:n:nﬂ 1-: |
Lt i |
E _a-:a-. n:n:a:n:n:a:n Enl _a-:b'ﬂb*ﬂ. . . "
DI Moo A M A L -
I .o Mo M AN A M A AR o n L]
" - ¥ -
i . o o P
L A I SRR, xR X ARPCICRERCEN e 1
v b _Ig . .o e e i L]
L W .:1:1:-.:1:1-' n
B A . i i i B, ] |
raa oo Cewin . N u LI IR )
A IR B o o S --'-'-'-"1'-'&
z i ) xR - X B R
o A A A ae P . f o Bl R
r r ilﬂilﬂilﬂill N .. ... - T N P ... . I - ..“.111 " .1".
iy, i i i '1@'
Mo W L] - ¥
e bR
oo a N A S
X xx”r!r!r! AL -J .l-
o o R A,
e M e o o 1:”-_‘- AN
X X i i L] -k |
X i 1{1}'
e T T T, ' L n
T E X kW > Tt
X #*#*4-*#*#*#* 3 3 = 't .l |
A X NN .;_ N .- S
For v s Fuoh b & N .- LN A
X X x & w A Mo X LI ] -k |
X ok ¥ i N AN |
oS xr*x!;*r"'x o e ':'ﬁ':‘ S
X X KK M o e Tk n
Xoa ok W N N A LNl W
ERE R e g iy iy i - AT
R M N A e ol A . -
EE Ot M oA A A v . -k n
I x W B = N
XX EF R XK I e . (e 2
et NN A e | A . [
N S - ¥ n
e T T Ry " . . ' ‘:ﬁ:" "
R I R N R N AN i e um L RN ] LI
CEE R EEEEE N RN RN ] A o -k n
T P I ol n l~mv
Pl s g oA M) g | E X M iy, | - & n
e E Rt el g N A M X X kK KX NN | B -
E O k) L T Y e LN ) L X M ErL Il B n
sy A A ¥ N ) M e & - il
FX KKK X E N A A m A i e AN o ¥ n
ol RN A A A A e X X Moa i | B -
EE S N N A A W EE N A e iy, | ¥ n
e e EI LB kX K& A | D -
EME SR N A o A A A e e A x a X X X KX e i | ¥ n
X e Ty E R oo LN ol
PN A A e N N X K LI n
ERERE N A o o A A e e o Eal | n
EE NN o Al e B 2 A x Ea n
L O I i i R e R e e X i Eal | 0
PO, L A AL e e N N N * X KX s B |
PN A S R S el ) Eal & -
X X KK kKK o A e N XX EEEEEEE X K o h
RN A i I ) LR b ok aF b o bt S aE ol b aF ok ol af Ll |
o i N N ) o ) Ea sl m o
ERERE N Ea X F K it b Eal | IENERE T
1:#:#:4-:#:# *Jr*&:a-:ar:a-:#:a-: :Jr:lr:l' :#:#:#:#:&:Jr:#:lr:l‘* ¥ Jr:a-_ l"-f‘-"-f‘-'t?
kbl ! el ot s af ol sl woal af o CaaE at S ol b o ol ol af
E ) L S X XX o S S e N A
Xk bk F X kN E N ENE Sy EEE NS EaUREE S ol 0l o )
L N 0 Nl e o o ) X XK EE a0 o ol ok o
. E bt af *:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:*: :*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:* ::-!:x:x 4-":*:*:":*:"'* * x”x:x:x:
o N e a  a a a  a a  a a a a a a aag) o U N N ol
X d Kk kN ko a ke ko kN ok ko Kok kKoK X ot e b bk L L AN
AR R R EEEEEE AR R RN R E NN YRR Lot aF ol aE 0 aF P A e RN W Al
LR RS SN S g ) o A ) A S A S UeC IR i
e X FEE R EEEEEE NN NN R EEEEE Y FE XX FBEFEFELEEEEEEEEREEE LY X B g A
EREaEaat F aE ol aF 3l al o L et ket S N  aE F ok kAt al el o e ) g - o-
P R U el ot el O RE Sl R e ) . B R
il B ot ol el e ###l‘#l‘kl‘#l‘#*w ¥
0 3 0 0 0 ok o EE a0 N ) ki b 0 a al a F Eal e - L)
L iy Ea s a g . - -
e R E R R EEEEE NN R FEEEXEEEEELELE S NEEEEEFEE YN E R g FL e e L]
. O aE ik aE aEaE at SF aEaE F aF et el oaF S EF a ol aF aF ekl e Ll ol Eal bt s el )
. o e g g e )
ot ot al a at aal aa al aal at al alat a aaat  a aal aEaEa w a aaa .
MR R R R R R K R E NN E XN KRR E R AN R K kKKK K KK o K k- W
L kS Sl -
R R R EEE R X EEEEEE R RN EEEEEEEE YR Y .
E kb aE S aE kBt kAl kTt e .
RO N R el e ) E R R R AR Ry WK L .
FE N N N KN Kk E K KN E N ENESE NN E N E K K Ll P e BE
XXX E XN E R RN K KN XXX KX XN E KKK - e 3
A S g
. FE XX EEEEFEEEEEEEEEL YRR EEEEEEEREEES .
Lt ok bk a b F SF Sl k2Pl o af 2l EaE aE b okl i -
. R e e N e v
I Kk kN ok K ko kN ok N ok Kok Xk ok kK ¥ »
E o 3 a0 E 0 aF al aF N kN a0 o 0l ) 2T
N S A S . .
R EE R R R EEEE RN RN RN E K NN e
'rJrJrJrJrJrJrJr################:I?:l
PP A e R el g ) .
ol Sl ot Pl ol a R e e Ll
EE 0 a0 0 ol o A * -
o S g . ol
XX EFEEEEEEREEEEE YN .o -»
L L bk 3l SEaF SF el o 2l b o) ) [
XK R AR AR N R Ak v L ]
. ot kel et N W 1)
. E ot o a0t 0 aE ) e
E N S s ) v L)
TaTE R E R R KKK A T

SRR b b el ol Al bl
]

DR S )
1:-_r*a-*a-*nw_'
A omd R '

-

144 4 444 4444444444944

i

wrran]

. - T - W .
T T T T e T T T LT T LT T
N LUK

5, - ¥ [ ]
P .*."*. . .'"*. N

brl'*b*l'rb L b*b*l' L] b*b*b*b* rl

LN T N N R R | LI N N N N | L |

= = =7 E o1 [ ]

4 4 4 4 4 4 4
-

4

rFrrErFrrFrEFEErFErFErFErFErFErFErFErErErErEEr

“ir
4 4 4 4 4 4

4

]

US 11,715,191 B2

Fli(. 4

500



US 11,715,191 B2

Sheet 5 of 9

Aug. 1, 2023

U.S. Patent

LR RN |
L

L

L

" xomomom
l-r-ll-l'

L

rr e Fr

L e Tl Bl

T 4 I

R
TG T T O P P DRI O T DO |

A 2 2 2 a2 a2 a2 a2 a2 a a
a & & & & & b & b b & a2 & aa

a =
" & & & & & b &2 & a

oA
A AN
»
wx
v

¥
¥

4 F ¥
X
X i i
ity
e o
MY )
EE )
X

)
L ]

X
¥
»

x
:_4-*_4-
X

4
]

b

a a h aa Ak oak a s
N E AN
s & & & & & & & & &2 & a

- m_

LA X A

Jp i e )
i)

P

I R T )

. ......_ PR R .-_.-..-..-_
Lk ks h Ak

b bk ok

- & & & & & & & & &
b & & b & & b & koA
A a2 b oa b ok oh

A & & & & b &

- - b & &

i

[
]
[
.
]
"
r
]
[
"
i
"
r
]
[
rFF
F

b & W o R
N N W

»
L I *-I *-I *:
-I*i

3t
AoA Ay

-ty

LA,
e
r

[ ]
[ ]
r
[ ]
r
[ ]

& &= a

P

L

F
b

- & & -

B, =

i i

E N

M A AR KK KK NN

MR MMM A MMM N

N N NN KR NN A

- N

s, o !
HHH.HHHHHHHHHPHFHH.HPHH.H ]

"
"
A
|
]

i

"
"
E |

I o N A i

A A A A A e

S N N e A N
B o e e BB R R R R A R e
A

w I I A N A )
A N A A )
N A A A e )

) aHxHr.HxHnHxHxHxHx”xHxHx“x“xHx”v_”x”x”x”v_”n“x”xwx”x”xnanxnx

P g P B e D, T P P U T D, P e PP
N A N
I N N N N
A A A

N N R

P M M N AN MM M MM N M NN MMM N M N KM N NN

E N N N N N

'
N R A o R
) HHHHHHH..ﬂHHHu..HHHu..HHHHHH..ﬂHHHHH.HHHHHHHHHHHFHRHHHHHHHHHHHHHHHHHHHH

N A o o

o R U A A i
R
o A A A
B U A A
w U A A A

o a e o e
A A A i
A A e e e i x a a a a a  a a x e e
N N A N N e
L N i
A A e e e a a e a aaaa aaaa  a  a a a  a  a
e e e e

o A U A U A

o A A

v B A N N

A A

LA 2 R N N MR R N M E N M N NN N MK NN NN N NN N -
N

v T U A
v A U A A A

MM MM M M M N MM NN N N L AN H
AEXR L ) A F.__.r.v_.Hu_.HHHH.HHHHHHHHHH’.HHHPH’.HFH HHH“HHH“EHH H”HHHHH PN

X
x X XN
SR x > o X ]

]
n_x

‘2
H

KKK KD

P N,
XA o e e A
..x.v.rnnnxﬂn”x » n“ oo
g g gl T P . R
N

r..r.x xnnn Moo
n

N 7,
. .

i
)

)
i)
)
i i)
Al
A

>,
E
o

HHHHFHH R K KX
i x
- - HHHHIHHHH

FY

H_HH

o)
F
.
F
-]
-]
)
-]
-]
F
Al
-]
I I |
F

]
H

‘e
FY

FY

M

A
M
i
N
Al A
Al
NN
E |

.

2
M
2
L)
2
2
o
2w
o e a

H“H“HHH
MM
xE X
M A
E
AN
Y
oM
x XX
KK XK
M
HHHHH HHHH
HHHHHH x.

]

H“H“H“E“H o
M MR MMM
HEE N -
MK KX
HHHHHHHIH

EY

i
I o
A

H"II'HHH
-
o

HH”HHHHHHHHH'

NN B
o
Al
Al

HHHHHHFHHHHH
Al

F

N
Ml
FY

e
H
E |

-
E N N N N N

LI
Lo
i
)
)

X,

|

o

E |

LA N N N N M N

A

E |

E

A

]

AN

o
L B

A

. HH.HHHHHHHHRHHH o,
o Hﬂxﬁxﬂﬂxﬂﬂxﬂﬁﬂxﬂ HHH x HHH
K KK KK NN ENEE R
HHHHU.HRHHHHHHHHHHH HHH - H”HHHR oMM A
e e e e e e

.
X
o
a
HJ
-
-
X
-
-
HJ
HJ

X
] x .
N
] X

X

oA K n

X
o i
x X

2 xR

Ll
LR )
L N e
o AR NN N NN N
O N NN e
o b B

*JH...”...HJH...H...“...H..H-.H;H.«”... L
b 3N N

X g
& A A F
*l..fl..fl..fl..r b .r.:..r b b =

-
I R R
PO N R

o A b b N
.r.r.r...._.....r....r.........H...H...H...H...H...“.___H.q.q....q.___...
.:.H.TH.:.H.TH.#H&.”&.H.#H}.”}.”I.”}.“I.“I.”‘
dr drdr e drdr e e d
e s -
Jr b dr e drodr dp ke ke kA kR

o i i ik .4.-..___.4.__..___.___._..._._._._.__.

L
» e )
ol o o

P R e e

ey
o
.."u-ﬁ.mu...

I T TR T T O T T TR O TP T O T O O O O IO T T O |
[ ] L L dp i dp o dp oy L [ ] [ N ]

L I S i
e e e e e R e e
ik R K E kM

...................r............v.....r.r.t.r.v.r.._ OO a
Ayt
e e e e
e .._.-.q_-_..._.___. T
- A & F &
..1.._..._..-...1.-...1._....1.-...1......_ ettt

N A A

b A o A
a2 A A M N .r.....r............................ x,

e NN A R
o b
¥, WA

e

.-|._.I.-I...I.-m..l.-l...I

i




US 11,715,191 B2

Sheet 6 of 9

Aug. 1, 2023

U.S. Patent

wa e e e e e s s e s s e e s A A e s A A A A ey A A A A A A Al el Al Al dddddnndn dddddddrddnAdAniniddddddddnfrnnnenrin i oo

ke bk bk ke ke ke ke ke ke ke b b ke bk bk ._..1._...._..1._...._...._...._...._..1._..1._.....

" m Fr F F P FF PP FFFrFFFFFFF FFFr A F FF FF P FFF FFFFFFFFF P F P F PP F A E ®FF FFFFFFFFFF PP F E E E E E E E R E EE EE EE E

Wk b ke ke k kN kX kb kb ..._..

L,
»

&k I k
X S, e, . .r“ “.....__..4.4...H...H...H...H...H.........”...H...H...”...H...”... H
d A N N M -
dr dp dp e dp o dp oy e e dr e e dp o apd
dr dp dr 0 dp de o dp dp e e ey e O W
drdr p dp dp e Ay e e e e i gl
N N M -
drdr p ey e e ke e R A
C N N M M -
_....._.H...H...”...H...H...”....q.......qa....q.a....qa... _H r
W dr dr e e i e r
= ) *
CaC ) -

> )
T e e
‘ -

L]

--1-
haonow

Kk nala

'
= = = omorr
&

: o=
T L S I-_l-. ) lll-. III' llll llll m
g
B -
L »* )
. SRR -
2 s e a »
- el e -
S -
s -
o ...ﬁ... el e -
e .......... e :
g
[ ] [ ]
e )
Ry s n e e e e e e -
oL e
et a i
s e
oo e lii- )
* I.H [ ] [ ] [ ] -
g A R R R R .
AL ALAN o ..”ﬁw.u"”.."m..nnunﬂh..” :
: o (ol a -
A & = & a2 b & & & u.. u.mu__ IIII'“"' 'l_"""" '""l_ ~
g o ".."......"“..u....“..".."...... ........ ;
* ; ol o i}
” o ....""..“Hm.. e
I’. ' -
aEsnr R E h.!n”.-. . -” %II I-. III-. ”
2 = ........ m :
& A -
: %.. :
- O I AL K" e )
- ._..H._._ ...._._”._..H._._”._._”._..H._._H._._”._.. K" e ”
: oottt > = .
- et K !
o O - -
R AL MR i \
S A "
T M .
e A [
e A "
i i o o & |¥. .
o talolid g ”
I’. r
I’. r
" '
I’. -
I’. -
I,” -
.’. -
x

T I I ]

N
- a
x X A
»ox - AN L
gHﬂHa rv_unmx”n”xuamn”n”x”u” -
x " i
a HHHH.. l"a o o o o a
X .
(PP '
o i PR )

.. .r
HHHHH HHH HHHHH | i.l ¥ .'.l. l.l. l.l. #l. Pl
[y

|
A
o
]
]
™~

& W
_-__-_"Jur...”.qn.q”...u H.qu
EERE )
W e Ak d
A dr A kR

o
LTI A 0 M N

»

" a2 & &2 &2 & a bk a2 b a b a2 b b s s s aa

.
: RSN o A
A A A A M A A M A A A MR A A A r
; i i e i i e

A A A A A i i
A A A A A A A A A A A -
o o o o™

B X bk B
:#:i:ll
i
X b B

&

Eal s
*:*:
X X
Eal s
X K
Ll
a
v:
o
i
o
Y
o
EY)
L
X
o
»
)
X
-5
X
a5
»
)
X
-
X
i
.
.

[
[
F3
X
[

L ; RN -

E3E )
P

BNl i S 4 & & A kU b kM O 4 dp g i dp
X R R

.v.lll .r.....u._..__...._......._-_......
r.
I

)

T

e ]

P

X X KK

x 2 ERE N a w al
xx R e
A KN *

“-“-. lllﬂnl.ﬂ
KA .

WX X A X ; x e a a aEa

XENERX

ety iy

Y
X
|
]
)
o
o
-]

L)
Il
AA
i
]
o

)

.__.._._”._..“anauaunuaua.”a”a”#”.qn.q”...” H.qu
L
a iy e iy e
L e e )
A e i e e i
AE A A A AR AR A A A

WA e iy iyl iy e i e i)

Lo e 3 3 A N ) i : ; e W e e L

a & & dr i iy e e i i . L .u_.HF!PEFHP!JEHHJHJHIHI!HHH L
X

ir

DR )
x

xxt.
R N K KX

»

R

e

i i
AR AR -
A A A
Ao A A R A
X o

F3
L]
L]

F
»

S N N
ol Al o A A L iy i
g FFH”!FHHHF!HHFHHHF H!Hu..v

H

FY

o X

A

U.HF FHU.H’.H’. .U.H’HPHHHHHPHHH’HHHHHH k. .HHF . -
Kol oo o o

o)
o)

EY
EY

.___H.4H.___HJH;H...”#H...H...”...H;H...”#H;
L E k)
LN N

]

;ka”k”&Hk”*”kH}.”*H&U . ..”&H*”...”kuk
; dr dp dp e e dp g e e ek
A N MR N
L e i e dr e dpdr e de 1 J i
; a iy ap iyl e e d ey
e el W W de drdr e gk ke Rde o dr i
F L N 4

P P M N R AN N 2 AL PEII M N e A

A

..........H...”...”....H...”...H....H.q...... "
iy dp e iy e e

dp e e e ek e kW
e e

S
R e LA L M AL N X M A NN
o A A

I

i B F I [ ]

o HJ_ a ...tH...H&H#H...”&H#”...H#H#”ﬂ ) TH...H&H#”...”.___
L I A L S ey ooy
L I o o Il o a T
L I I o o oo o e S Py e

» e T

I ] Wy dr e e e e e iy i ke e -
uv.uu.nxuxﬂxnxnxln:al" L . . Wl “..__.........._............._..._..__..___
NN AN XA R XX R R R & i & i ok X & i i i
o x M L R N N N -

P T A A A AL A AL AL A A A A A AT

- o o o o o e o e A -

b ir 0 W L ] o, Hu._Hu.“!u.“Hu._H.JHJHJH.JHH.HH.HHIFHH.HJHW.

b ey e A o o o o e ™

a e e PP oo™ .

o T T T T o A A A A AR

F o 8 Jdr dp Jp dp dp iy dp i B A R R A

x NI L A o e o e o

T e A o o o o o o o

N N AR A A A A

L L Ao e R A e e A e

! I e i i e T e o a oo a a a

AR Ly a p o Vi T T A A e A e A A -
A I i T a T T a O
It Ko R A .

R R Ay e st R R K KRR B R R«
e o o o o o o o A L o o o o o o o o

R R R KA e L x A A A e

i EA B i e Y i ey e [ A A Al I

g =R R T T T e T T T T A AN A A A A A

T 2 L L L I LA W i i ey i e i,

AT T T T T P B e T i i . II-_:.-....__..__....................___ A o e A A

i e T T T e T i T T e T T U e e e e

iy i i T Y I L AL ar T i i Y i e O

L A A L N L A A L el 2 R A A AL A ARl Al T i i i e Ao o o e o o o o e o a

T T T T e T e T T T T T T T T A AR A A A A A A

. P A A A A N s e L L L A A A i

T T T iy i i Fl i T e Vi i T T T T A A A A e N A

R M A A A a2l N L L A A A

i e a  aa a a aa a a Mo e e R e e

L)
-

..t...k......&...*...........___...“...u... i dp dr e e 0 ke ...&kH...”...H...H.._”...“...H...H...”...H H

PR A M M MR M MM MMM MMM MM MMM M NN NN

RTINS A N D AE D M e e AL N
O N g

F3
F3
F3
F3
X
F3
F3
F3

lav_u_”v_v.rv.v_u_.rr.r”r.”r.”r.HMHHHHHMHHHHHMHHHHHHHM”.1 R

e il i iy i i i

i i i N e i iy i
oA i S A i
e i i i i e
Ll e N N A i
A A i e i
e Hr.Mr.ur.ur.xrxruxxrxr.urxx.xr.uxxr.v..1.

»

B
¥

»
»
AER Y

X ¥
XX

i
™
X
¥
X
i

[

F3
X
I
Jr
i
X
Jr
X

¥
¥
X
B
L
»
B

»
Fy
E )
F3
X
¥
F3
Fy
¥
¥
¥
¥
¥

F
X
¥
F
F
¥

i

B
»
¥
¥
X
¥
¥

T
e
I L T

X ¥
L)
XX
i

»
»
¥
F3
X
¥
F3

e e

»
»
i
F)
x
X
F)
x
i
F)
o
i

& Pt L

B e P P M o P o T P M PR
e e N e e e e A i N R
B I T L I e g R / .

s

¥
F3
Fy
I
F3
X
¥
i
Fy
IS
F3
X
¥
»
»
¥
X
Fy
¥
a»

-
LI O --.._....”....H....H....”....H....H....H....H....”....H....H....”....”....H....”....”....H....”...”...H...”....H...H.q“...“..ﬂ...”...”..ﬂ.q ”. -
& & gy A dp dp o dp i dp drodp drodp rodp drodp e podp i o i i i -
N N N o o N T N a a  ara . i

= on o .._..ri.r.r.._.t.._.l.........._. .._......._..._..._......._......._......._......._.####1.#}.#4}.4441.4}.4#}.##### E!Pv H!HHIHH!H!H!H!H!FHH!HHHHHHHHH -
rom & b U e ddp o dp Jrodr Jpodr b dr dr i o & A g b & ~, E o N N

m b b e dp dp dp dp i e & & o o dr iy g E A A A A A A A
romow S e de 0o dr drodp drodp i dr dr dr b N o A A

on o1 om o o Jr e e dp dp by dp O & & O i i i q L A N

L & .rq.r.-r.r....t.-.l....l....-......-....l.......}.....-_ v.HxHu..HPHFHHHPH!HHHHHIH?—.HHHP

. iy Y nr.Hr.”x”xmx”xnxwxﬂx”xmx“xux”v.f.
' & o & & 3 F O N A N
1 r N ) . y y A M NN N M N NN NN NN
. » o . ; g e e A e e R -
' r = N E 3 N, q F o g - F O i
= g oy Ao M MM NN NN
. + ar Tar Fol, S A
o F ol N
”.....”.”1“._ . A R
oo o dr i b q PR A A P P A A MM MM MK r
T T i i y A M M M MM MM MMM NN -
1 1 L] a3 i i AL A N N N M N KK NN NN
" o i Jdr Jr F O N N
' r & Jdr o i A M N N N M N NN EN NN
T 1 4 i i A M A MK NN E N NN -
' 1 L) L E O i A N N
1 ) oo i LA M N N NN MM MM N NN
. TN S Tar ol A A
oA b b K i i MM M M MM N N N E N RN -
"y .. ! VT r dr e e dr i i e e de b de e de e de b dp i AR M A A e K X

. i i A A y
g X e I A
. ' ! ' . }.####t##&.#####&.#&.#}.##.r.rb .r.._ .r.._.._.__.r.__.._i.r.._ .r.r.-_ .HH!H!!HHE!HHHHHHHHHH!HHHHHHHH L
. ' Yy e r kk#k#####k###k#k##}.##k#b.._.__.._.._.._.._.._.._.rl.__.._.r.._ .r.._..-. .HHH HHHH!HHHHHHHHHHHHHHHHHHHFU -
N ' ' o Jdp dp dp Jr Jp i Or Jr Jr dp dp Jr b b b & b b & ki LA A A N W M A N N NN N R N
. ok dp dr Jr O b b b Or b b b k b b b b b o= oa K AN M M M MMM MMM NN
- P E K K
' “ “ N “ ' .1. “ . i ”ll ##H#H#H#H#H#H#”#”#H#”b.._.._.._.__.._i.._.._.._i.__.._.__.._H.-.i r.H”H”R”H”HPHFHRHPHH.HFHHRFHRHP =
. e T e e e e A A A
.. "y v e R T i e e o o o o o e o o -
f ' ' e I T o S T T T St A A Ay A A M M MM A A MK MMM
. Y | F % 4 Jr b Jr M b Jr b = & &k &= & & & F Ol N -
. 1 . | i Or b Jr dr b U o dr F b b b b b 2 & ¥ AN AN AN M ON MM N N N N
' . » B & dr dp dp b b b b b a2 b oa k om k oa W L_ A E N N
. ' . * [k dr dr Jr Or Jr Jr O b b b b b b b b & N i F O g ] [P0 M N N N N NN AN
. » i dr o Jr dp bp Jr Jp b b b b b b b oa & E o o
. ' . a4 4 o W o A T A A F R A
' N g [ i 4 = & b & ko a N o N
. ' dr b O o o B o 4 dr dr Jr o b dr & b b b b b b & & E E N N
oA . - Y Y LA , 3
g X RN e e e e e e a el e e e e el I IR I -
s e e e e n e e e e e e e e e e e e e e s e e e e e e e e e e e e ey e e e e e e e e e e L Ty e R P P R, P 8 B, P, P i it P, M B, B 5, . - LT R, ot b b o L .y L .y L .y KR K KR K KR K KR KRR KR KT

(5.6

-y



U.S. Patent Aug. 1, 2023 Sheet 7 of 9 US 11,715,191 B2

obtaming images of target plants through a machine vision | .~ 1100

system inciuding multiple cameras
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processing the images of the target plants to determine (766
desirable tissue candidates and determine g position and an |7
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manipulating a tool, based on the position and the onentation
of cach tissuc candidaie, to excise cach tissue candidate to |7 L300
obtain a tissue sample

transporting the tissue sample for subsequent manipulation of | -~ 1400
the fissue sampie '
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obtaining images of target plants through a machine vision | _~ 2100

system mchuding multiple cameras

processing the mmages of the target plants to determine g 2200

position and an onentation of each target plant 4

manipulating a tool, based on the position and the orientation | ,
of each target plant, to deposit an agent on (1) each target L7 2300
piant or (11} cach medium of each target plant ’
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METHOD AND SYSTEM FOR AUTOMATED
PLANT SURVEILLANCE AND
MANIPULATION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority from U.S.
Provisional Application No. 63/014,314, filed Apr. 23, 2020
and U.S. Provisional Application No. 63/080,846, filed Sep.
21, 2020, the contents of which are incorporated herein by
reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This disclosure was made with government support under

a research project supported by Prime Contract No.
DE-ACO05-000R22725 awarded by the U.S. Department of
Energy. The government has certain rights 1n this disclosure.

BACKGROUND

A major bottleneck 1n plant functional genomics currently
1s the existence of a mismatch in throughput of gene
sequencing and candidate gene i1dentification, and the
throughput of gene function validation (via plant vanant
assessment). Plant transformation approaches used to gen-
crate plant variants using candidate genes are currently
implemented manually with low throughput. The standard
way ol performing plant transformation with DNA con-
structs requires manual labor for manipulation, picking,
excising, transierring and labeling of plants. Thus, the entire
process 1s highly reliant on human labor and precision. In
addition, the manual steps also pose a major productivity
bottleneck 1n plant transformation approaches. These
manual steps (all by hands) include plant delivery and
handling, sample excision, transportation to liquid media,
waiting time, sample recovery from liquid media, transier-
ring to solid media and handling.

Considering the above disadvantages of the traditional
process, there would be a significant advantage for an

automated plant transformation method and system that can
significantly boost the current plant transformation through-

put.

SUMMARY OF THE DISCLOSURE

In one aspect, the disclosure provides a method for
automated plant surveillance and manipulation. The method
includes obtaining images of at least one target plant through
a machine vision system including a plurality of cameras.
The method further includes processing the images of the at
least one target plant to determine at least one tissue can-
didate of the at least one target plant and to determine a
position and an orientation of each of the at least one tissue
candidate. The method further includes manipulating a tool,
based on the position and the orientation of said each of the
at least one tissue candidate, to excise said each of the at
least one tissue candidate to obtain a sample of said each of
the at least one tissue candidate. The method additionally
includes transporting the sample for manipulation.

In some embodiments, the manipulation includes live
processing of the sample.

In some embodiments, the manipulation includes destruc-
tive processing of the sample.
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2

In some embodiments, the method 1includes moving the at
least one target plant through an automatic transportation
system with respect to a detection range of the machine
vision system.

In some embodiments, the automatic transportation sys-
tem includes a rotating stage for rotating the at least one
target plant with respect to the detection range of the
machine vision system and a translating stage for linearly
moving the at least one target plant with respect to the
detection range of the machine vision system.

In some embodiments, the obtaining images of the at least
one target plant through the machine vision system includes
obtaining color images, multispectral images, or hyperspec-
tral 1mages of the at least one target plant, through the
machine vision system, for assessing a property of said each
of the at least one tissue candidate and for determining the
position and the orientation of said each of the at least one
tissue candidate. The plurality of cameras include a color
camera being configured to provide color images, multi-
spectral 1images, or hyperspectral images of the top of the at
least one target plant.

In some embodiments, the at least one tissue candidate
includes a plant part of the at least one target plant and the
property includes a quality of the plant part.

In some embodiments, the plant part 1s a leaf.

In some embodiments, the quality of the leafl 1s the
greenness, size, or shape of the leaf.

In some embodiments, the quality 1s a spectral signature
within or outside the visible range.

In some embodiments, the obtaining images of the at least
one target plant through the machine vision system 1ncludes
obtaining 3D 1mages of the at least one target plant, through
the machine vision system, for assessing a property of said
cach of the at least one tissue candidate and for determining
the position and the orientation of said each of the at least
one tissue candidate. The machine vision system further
includes a 3D 1imaging system for obtaining the 3D images.

In some embodiments, the at least one tissue candidate
includes a plant part of the at least one target plant and
includes of a property of a plant part.

In some embodiments, the method further includes pro-
cessing the 3D 1mages to determine a path for moving the

tool based on the position and the orientation of said each of
the at least one tissue candidate.

In some embodiments, the sample 1s subjected to trans-
formation.

In some embodiments, the transformation 1s achueved by
a method selected from agrobacterium-mediated transior-
mation, viral vector-mediated transformation, polyethylene
glycol (PEG)-mediated transformation, liposome-mediated
transformation, nanoparticle-mediated transformation, elec-
troporation, and particle gun transformation.

In some embodiments, the method further includes sub-
jecting the sample to destructive processing and extraction.

In some embodiments, the transporting the sample
includes transporting the sample mto an infection medium
including liquid culture of agrobacterium carrying a DNA
construct of interest.

In some embodiments, the transporting the sample
includes transporting the sample into a sequencing medium.

In some embodiments, the method further includes
obtaining 1mages of the sample 1n the liquid medium
through the machine vision system; processing the images of
the sample to determine whether to move the sample into a
solid medium; and based on a determination of moving the
sample 1nto the solid medium, transporting the sample nto
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the solid medium. The solid medium includes a solid callus
container for shoot induction.

In some embodiments, the at least one tissue candidate
includes a plurality of tissue candidates each selected from
a group consisting of a shoot, a root, a leaf, an apex, a node,
and an internode of the target plant.

In some embodiments, the at least one target plant
includes a plurality of target plants.

In another aspect, the disclosure provides a method for
automated plant surveillance and manipulation. The method
includes obtaining images of at least one target plant through
a machine vision system including a plurality of cameras.
The method further includes processing the images of the at
least one target plant to determine the position and an
orientation of each of the at least one target plant. The
method also includes mampulating a tool, based on the
position and the orientation of said each of the at least one
target plant, to deposit an agent on (1) each of the at least one
target plant or (11) each medium of the at least one target
plant.

In some embodiments, the agent includes a microbial or
chemical agent.

In another aspect, the disclosure provides a system for
automated plant surveillance and manipulation. The system
includes a hardware processor and a memory coupled with
the hardware processor. The hardware processor 1s config-
ured to at least: obtain 1mages of at least one target plant
through a machine vision system including a plurality of
cameras; process the images of the at least one target plant
to determine at least one tissue candidate of the at least one
target plant and to determine a position and an orientation of
cach of the at least one tissue candidate; manipulate a tool,
based on the position and the orientation of said each of the
at least one tissue candidate, to excise said each of the at
least one tissue candidate to obtain a sample of said each of
the at least one tissue candidate; and transport the sample
into a liquid medium.

In some embodiments, the hardware processor 1s further
configured to move the at least one target plant through an
automatic transportation system with respect to a detection
range of the machine vision system. The automatic trans-
portation system includes a rotating stage for rotating the at
least one target plant with respect to the detection range of
the machine vision system and a translating stage for lin-
carly moving the at least one target plant with respect to the
detection range of the machine vision system.

In some embodiments, the system further includes an
actuator station that 1s independent of the tool.

In some embodiments, the tool includes a robotic arm.
In some embodiments, the hardware processor 1s further
configured to obtain color images or multispectral images or
hyperspectral images of the at least one target plant, through
the machine vision system, for assessing a predetermined
property of said each of the at least one tissue candidate and
for determining the position and the orientation of said each
of the at least one tissue candidate. The plurality of cameras
include a color camera being configured to provide images
of the top of the at least one target plant.

In some embodiments, the plurality of cameras 1s config-
ured to take color images or multispectral 1mages or hyper-
spectral 1mages.

In some embodiments, the at least one tissue candidate
includes a leal of the at least one target plant and the
property includes a quality of the leaf.

In some embodiments, the quality of the leaf 1s the
greenness, the size, or the shape.
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In some embodiments, the quality 1s a spectral signature
within or outside the visible range.

In some embodiments, the hardware processor 1s further
configured to obtain 3D i1mages of the at least one target
plant, through the machine vision system, for assessing a
predetermined property of said each of the at least one tissue
candidate and for determining the position and the orienta-
tion of said each of the at least one tissue candidate. The
machine vision system further includes a 3D 1imaging system
for obtaining the 3D 1mages.

In some embodiments, the at least one tissue candidate
includes a leal of the at least one target plant and the
property includes a shape of the leat.

In some embodiments, the hardware processor 1s further
configured to process the 3D 1mages to determine a path for
moving the tool based on the position and the orientation of
said each of the at least one tissue candidate.

In some embodiments, the sample 1s subjected to trans-
formation.

In some embodiments, the transformation 1s achueved by
a method selected from agrobacterium-mediated transior-
mation, viral vector-mediated transformation, polyethylene
glycol (PEG)-mediated transformation, liposome-mediated
transformation, nanoparticle-mediated transformation, elec-
troporation, and particle gun transformation.

In some embodiments, the hardware processor 1s further
configured to transport the sample into a transformation
medium.

In some embodiments, the transformation medium 1s an
infection medium including liquid culture of agrobacterium
carrying a DNA construct of interest.

In some embodiments, the transporting the sample
includes transporting the sample into a ftissue culture
medium, an infection medium or a sample preserving
medium.

In some embodiments, the hardware processor 1s further
configured to obtain images of the sample in the liquid
medium through the machine vision system; process the
images of the sample to determine whether to move the
sample 1nto a solid medium; and based on a determination
of moving the sample into the solid medium, transport the
sample 1nto the solid medium. The solid medium includes a
solid callus container for shoot induction.

In some embodiments, the at least one tissue candidate
includes a plurality of tissue candidates each selected from
a group consisting of a shoot, a root, a leaf, an apex, a node,
and an internode of the target plant.

In some embodiments, the at least one target plant
includes a plurality of target plants.

In another aspect, the disclosure provides a system for
automated plant surveillance and manipulation. The system
includes a hardware processor and a memory coupled with
the hardware processor. The hardware processor 1s config-
ured to at least: obtain 1mages of at least one target plant
through a machine vision system including a plurality of
cameras; process the images of the at least one target plant
to determine the position and an orientation of each of the at
least one target plant; manipulate a tool, based on the
position and the orientation of said each of the at least one
target plant, to deposit an agent on (1) each of the at least one
target plant or (1) each medium of the at least one target
plant.

In some embodiments, the agent 1s a microbial or chemi-
cal agent.

In another aspect, the disclosure provides a computer
program product for implementing plant transformation.
The computer program product includes a computer read-
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able storage medium having program instructions embodied
therewith. The program instructions are executable by a

processing element of a device to cause the device to: obtain
images of at least one target plant through a machine vision
system 1ncluding a plurality of cameras; process the images
of the at least one target plant to determine at least one tissue
candidate of the at least one target plant and to determine a
position and an orientation of each of the at least one tissue
candidate; manipulate a tool, based on the position and the
orientation of said each of the at least one tissue candidate,
to excise said each of the at least one tissue candidate to
obtain a sample of said each of the at least one tissue
candidate; and transport the sample mto a liguid medium.

In another aspect, the disclosure provides a computer
program product for manipulating a plant. The computer
program product includes a computer readable storage
medium having program instructions embodied therewith.
The program instructions are executable by a processing
clement of a device to cause the device to: obtain images of
at least one target plant through a machine vision system
including a plurality of cameras; process the images of the
at least one target plant to determine the position and an
orientation of each of the at least one target plant; manipu-
late a tool, based on the position and the orientation of said
cach of the at least one target plant, to deposit an agent on
(1) each of the at least one target plant or (1) each medium
of the at least one target plant.

In some embodiments, the agent 15 a microbial or chemi-
cal agent.

In another aspect, the disclosure provides a method for
automated surveillance and manipulation. The method
includes obtaining images ol at least one target subject
through a machine vision system comprising a plurality of
cameras. The method further includes processing the images
of the at least one target subject to determine at least one part
of the at least one target subject and to determine a position
and an orientation of each of the at least one part. The
method also includes manipulating a tool, based on the
position and the orientation of the each of the at least one
part, to obtain a sample of each of the at least one part to
obtain a sample of the each of the at least one part. The
method additionally includes transporting the sample for
manipulation.

In some embodiments, the target subject 1s a target plant,
and the part 1s a tissue candidate of the target plant.

In some embodiments, the target subject 1s a target
anchoring media supporting a plant, and wherein the at least
one part of the anchoring media 1s a solid, gel-like or
particulate matter such as agar, phytagel, sand, soil or
artificial soil.

BRIEF DESCRIPTION OF THE FIGURES

The file of this patent contains at least one drawing
executed 1n color. Copies of this patent with color
drawing(s) will be provided by the Patent and Trademark
Oflice upon request and payment of the necessary fee.

FIG. 1 1s a schematic block diagram showing a system for
automated plant surveillance and manipulation;

FIG. 2 1s a schematic view of the system shown in FIG.
1,

FIG. 3 1s another schematic view showing the system;

FI1G. 4 1s another schematic view showing the system;

FIG. 5 1s a schematic view showing certain examples of
image outputs of the system;

FIG. 6 1s a schematic view showing an example of an
automated excision mechanism of the system;
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FIG. 7 1s a flowchart showing a method for automated
plant surveillance and manipulation;

FIG. 8 15 a flowchart showing another method for auto-
mated plant surveillance and manipulation; and

FIG. 9 1s a schematic view showing an exemplary com-
puter or processing system that can implement the method
and the system for automated plant surveillance and manipu-
lation.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

In addition, the figures are 1llustrative rather than limiting,
and thus are not necessary drawn in accordance with scales.

Illustrative embodiments of the present disclosure provide
a system 10 for automated plant surveillance and manipu-
lation. As shown 1n FIG. 1, the automated plant surveillance
and manipulation system 10 includes a machine vision
system 100, a manipulation system 200, a transportation
system 300, and a hardware processor 400 that 1s pro-
grammed to control the status, modes, and operations of the
machine vision system 100, the manipulation system 200,
and the transportation system 300.

FIG. 2 1s a schematic view showing an exemplary
embodiment of the automated plant surveillance and
mamipulation system 10, 1n which one or more target plants
P are positioned on a sample station 500 of the system 10.
FIGS. 3 and 4 are schematic views showing the automated
plant surveillance and manipulation system 10 from differ-
ent perspectives.

The machine vision system 100, as shown 1n FIGS. 24,
functions to obtain images of the target plants P. For
example, the machine vision system 100 includes a plurality
of cameras that are configured to obtain multiple images of
the target plants P as controlled by the processor 400.

The processor 400 processes the images of the target
plants P to determine one or more desirable tissue candidates
C of the target plants P. In addition, the processor 400 further
processes the 1images of the target plants P to determine a
position and an orientation for each tissue candidate C.
Based on the position and the orientation of each tissue
candidate C, the mampulation system 200 1s moved to
approach each tissue candidate C and operate on the tissue
candidate C. For example, the manipulation system 200 can
include a cutter for excising each tissue candidate C to
obtain a tissue sample S of the tissue candidate C. This
process can be controlled by the processor 400. In addition,
according to certain embodiments, the manipulation system
200 includes a robotic arm, which 1s capable of implement-
ing precise and complex operations as instructed and con-
trolled.

The tissue sample S can be subsequently transported by
the transportation system 300 to proper locations distanced
from the automated plant surveillance and manipulation
system 10 for subsequent operations and manipulations of
the tissue sample S. The operations and manipulations of the
tissue sample S 1include live processing of the sample.
Alternatively, the operations and manipulations of the tissue
sample S include destructive processing of the sample.

During operation, to achieve a high throughput of plant
sampling and manipulation, the target plants P are typically
transported serially or in batches by using the transportation
system 300.

The machine vision system 100 and the processor 400
work 1n concert to automatically acquire plant images and
determine exact locations of the plants and the tissue can-
didates. For this purpose, the machine vision system 100 can
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include one or more cameras. As shown in FIGS. 2-4, the
cameras of the machine vision system 100 can include at
least one color camera 102, which 1s configured to provide
color images, multispectral images, and/or hyperspectral
images of the target plants P and/or the tissue candidates C.
In the shown embodiment, the color camera 102 1s provided
vertically above the target plants P and, for example,
mounted to a top bar of a frame 600 of the sample station
500, such that the color camera 102 can provide color
images, multispectral 1mages, and/or hyperspectral images
of the top of the target plants P and/or the top of the tissue
candidates C.

These color images, multispectral 1images and/or hyper-
spectral 1mages of the target plants P and/or the tissue
candidates C can be processed by the processor 400 for
assessmg a property of the tissue candidates C. In addition,
these 1mages can be processed to determine the position and
the orientation of the tissue candidates C. For example, the
tissue candidates C can be a plant part of the target plants P;
the property of the tissue candidates C can be a quality of the
plant part. For example, the plant part can be a leaf of the
target plants P. For example, the quality of the leaf can be the
greenness, the size, or the shape of the leat. For example, the
quality can be a spectral signature within or outside the
visible range.

As shown 1 FIGS. 2-4, the machine vision system 100
can include one or more 3D 1maging systems 104, which are
configured to obtain 3D 1mages of the target plants P and/or
the tissue candidates C. In the shown embodiment, two 3D
imaging systems 104 are provided at different heights above
the sample station 500 and are vertically distanced from
cach other. For example, the two 3D imaging systems 104
cach have a specific detection range for imaging different
parts of the target plants P. In addition, a third 3D imaging
system 104 can be provided to the manipulation system 200
(for example, associated with the robotic arm of the manipu-
lation system 200).

The 3D 1mages of the target plants P and/or the tissue
candidates C can be processed by the processor 400 for
assessmg a property of the tissue candidates C. In addition,
these 1images can be processed to determine the position and
the orientation of the tissue candidates C. For example, the
tissue candidates C can be a plant part of the target plants P;
the property of the tissue candidates C can be a quality of the
plant part. For example, the plant part can be a leaf of the
target plants P. For example, the quality of the leaf can be the
greenness, the size, or the shape of the leaf. For example, the
quality can be a spectral signature within or outside the
visible range.

According to certain embodiments, the tissue candidates
can be selected from a group consisting of a shoot, a root, a
leat, an apex, a node and an internode of the target plants. In
addition, the automated surveillance and manipulation sys-
tem 10 can be broadly applied to other domains 1n plant
sciences. For example, without being limiting, 1n addition to
detecting and processing the target plants, per se, the auto-
mated surveillance and manipulation system 10 can be
readily applied to detect and process a medium that anchors
the roots of the plants. Stated differently, the anchoring
medium (such as, agar, soil, or artificial clay) can be a target
subject to the detection and manipulation of the system,
depending on the circumstances of applying the system 1n
plant sciences.

In certain embodiments, the color 1images and/or the 3D
images of the target plants P and the tissue candidates C can
be processed by the processor 400 to determine a path for
moving the mampulation system 200 based on the position
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and the orientation of the tissue candidates C, such that the
mamipulation system 200 can process the tissue candidates C
to obtain the tissue samples S.

In operation, by using the automated plant surveillance
and manipulation system 10, the previously described pro-
cesses can be implemented repetitively and swiltly to pin-
point the proper locations and orientations of a large volume
of target plants P. In addition, for a same target plant, these
processes can be implemented repetitively and swiltly to
identify and locate multiple plant parts of the same plant.
These processes can be implemented through programmed
hardware, software algorithms, and the combination thereof.

In addition, the images of the tissue candidates (including
different types of plant features) can be saved for future
analysis and comparison with the results and can be also
used to characterize effects of growth conditions, gene
mampulation and/or processing outcomes on plant. A data
storage (such as, an internal memory embedded into the
processor or an external memory) can be provided for this
purpose. Furthermore, the information on the localization of
the tissue candidates C (such as, one or more leaves) can be
transierred to the manipulation system 200 through a digital
interface including but not limited to TCP/IP and seral
connection.

FIG. 5 shows the machine vision system 100 and certain
examples of 1mage outputs of the machine vision system
100. In this figure, the zoomed-1n views of the 1mage outputs
are shown at the bottom of the figure.

According to certain embodiments, the transportation
system 300 includes automatic conveyors for moving the
obtained tissue samples S. In addition, the transportation
system 300 also functions to move the target plants P within
the frame 600 of the sample station 300. For example, the
transportation system 300 can move the target plants P with
respect to a detection range of the machine vision system
100, such that images of the target plants P from different
angles, perspectives and locations can be obtained to pro-
vide suflicient image data that can be used by the processor
400 for determiming the tissue candidates C and the position
and orientation of each tissue candidate C. The transporta-
tion system 300 can include a rotating stage for rotating the
target plants P and/or the tissue sample S. The transportation
system 300 can further include a ftranslating stage for

linearly moving the target plants P and/or the tissue sample
S.

Based on the position and the orientation of each tissue
candidate C, the mampulation system 200 1s controlled by
the processor 400 to process the tissue candidates C. For
example, the manipulation system 200 can include an actua-
tor station (for example, a robotic manipulator and a gantry
system). The manipulation system 200 can further include
an automated excision mechanism, associated with the actu-
ating mechanism, for conducting excision and retaining the
tissue sample S. The excision mechanism can be electrically,
pneumatically, hydraulically, or otherwise actuated, 1n lieu
of manual actuation. As a result, the entire process 1is
completely automated through the processor 400 without
requiring human intervention. FIG. 6 shows an example of
the automated excision mechanism for consecutively punch-
ing and collecting tissue samples S, which can be leaves of
the target plants P.

According to certain embodiments, after the acquisition,
the tissue samples S can be automatically transported 1into an
infection medium comprising liquid culture of agrobacte-
rium carrying a DNA construct of interest. Alternatively, the
tissue samples S can be automatically transported into a
sequencing medium. After the tissue samples S are store 1n
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the medium, 1images of the tissue samples can be obtained
through the machine vision system 100. Subsequently, the
obtained 1images of the tissue sample S can be processed to
determine whether it 1s necessary or proper to move the
tissue samples S 1nto a solid medium. Based on a determi-
nation for moving the sample into the solid medium, the
tissue samples S are subsequently transported 1nto the solid
medium. The solid medium can include a solid callus
container for shoot induction.

In addition, according to certain embodiments, the tissue
samples S are subjected to transformation. For example, the
transformation can be achieved by a method selected from
agrobacterium-mediated transformation, viral vector-medi-
ated transformation, polyethylene glycol (PEG)-mediated
transformation, liposome-mediated transformation, nan-
oparticle-mediated transformation, electroporation, and par-
ticle gun transformation.

According to certain embodiments, the tissue samples are

subjected to destructive processing and extraction.

FIG. 7 1s a flowchart showing a method 1000 for auto-
mated plant surveillance and manipulation. The method
1000 1s implementable with the automated plant surveillance
and manipulation system 10 as previously described.

The method 1000 includes an element 1100, at which
images of the plurality of target plants P are obtained
through the machine vision system 100 including multiple
cameras 102 and 104. The method further includes an
clement 1200, at which the obtained 1mages of the target
plants P are processed by the processor 400 to determine
desirable tissue candidates C and to determine a position and
an orientation of each desirable tissue candidate C. The
method also includes an element 1300, at which a tool 1s
manipulated based on the position and the orientation of
cach desirable tissue candidate C to excise the tissue can-
didate to obtain a tissue sample S. The method additionally
includes an element 1400, at which the tissue sample S 1s
transported for subsequent manipulation of the tissue
sample. The subsequent mampulation can include live pro-
cessing of the tissue sample S. The subsequent mampulation

can also 1nclude destructive processing of the tissue sample
S.

At the element 1100, the obtaining the 1images can include
obtaining color images, multispectral 1mages, or hyperspec-
tral 1images of the target plants through the machine vision
system, for assessing a property of each tissue candidate and
for determining the position and the orientation of each
tissue candidate. In this connection, the cameras includes a
color camera being configured to provide the color images,
the multispectral 1images, or the hyperspectral images of the
target plants. The obtaining the images can further include
obtaining 3D 1mages of the target plants through the
machine vision system, for assessing a property of each
tissue candidate and for determining the position and the
orientation of each tissue candidate. In this connection, the
machine vision system includes one or more 3D 1maging
systems for obtaining the 3D 1images of the target plants. The
method 1000 can further include a sub-element of process-
ing the 3D 1mages to determine a path for moving the tool
based on the position and the orientation of each tissue
candidate.

The tissue candidate can include a plant part of the target
plants and the property can include a quality of the plant
part. The plant part can be a leaf. The quality of the leaf can
be the greenness, the size, or the shape of the leaf. The
quality can be a spectral signature within or outside the
visible range.
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The method 1000 can further include subjecting the tissue
sample S to transformation. The transformation can be
achieved by a method selected from agrobacterium-medi-
ated transformation, viral vector-mediated transformation,
polyethylene glycol (PEG)-mediated transformation, lipo-
some-mediated  transformation, nanoparticle-mediated
transformation, electroporation, and particle gun transior-
mation.

The method 1000 can further include subjecting the tissue
sample S to destructive processing and extraction.

At the element 1400, the tissue sample can be transported
into an infection medium comprising liquid culture of agro-
bacterium carrying a DNA construct of interest. At the
clement 1400, the tissue sample can also be transported nto
a sequencing medium.

The method 1000 can further includes obtaining 1mages
of the tissue sample 1n the medium through the machine
vision system, processing the images of the sample to
determine whether to move the sample 1nto a solid medium,
and based on a determination of moving the sample 1nto the
solid medium, transporting the sample nto the solid
medium. The solid medium 1ncludes a solid callus container
for shoot mduction.

According to the method 1000, the tissue candidates can
be each selected from a group consisting of a shoot, a root,
a leaf, an apex, a node, and an internode of the target plants.

According to the method 1000, a plurality of target plants
are automatically imaged and manipulated to significantly
increase the throughput of the manipulation process.

FIG. 8 1s a flowchart showing a method 2000 for auto-
mated plant surveillance and manipulation. The method
2000 1s implementable with the automated plant surveillance
and manipulation system 10 as previously described.

The method 2000 includes an element 2100, at which
images of the target plants are obtained through the machine
vision system having a plurality of cameras. The method
2000 further includes an element 2200, at which the
obtained 1mages of the target plants are processed to deter-
mine a position and an orientation of each target plant. The
method 2000 also includes an element 2300, at which a tool
1s manipulated, based on the position and the orientation of
cach target plant, to deposit an agent on (1) each target plant
or (11) the medium of each target plant. According to an
embodiment, the agent can be a microbial or chemical agent.

Another aspect of the disclosure provides a system 3000
for automated plant surveillance and manipulation. FIG. 9
illustrates a schematic view of an example computer or
processing system that can implement the system for auto-
mated plant surveillance and manipulation, according to an
embodiment of the disclosure.

The computer system 1s only one example of a suitable
processing system and 1s not intended to suggest any limi-
tation as to the scope of use or functionality of embodiments
of the methodology described herein. The processing system
shown may be operational with numerous other general-
purpose or special-purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with the processing system shown in FIG. 9 may
include, but are not limited to, personal computer systems,
server computer systems, thin clients, thick clients, handheld
or laptop devices, multiprocessor systems, miCroprocessor-
based systems, set top boxes, programmable consumer elec-
tronics, network PCs, minicomputer systems, mainirame
computer systems, and distributed cloud computing envi-
ronments that include any of the above systems or devices,

and the like.
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The computer system may be described in the general
context ol computer system executable 1nstructions, such as
program modules, being run by a computer system. Gener-
ally, program modules may include routines, programs,
objects, components, logic, data structures, and so on that
perform particular tasks or implement particular abstract
data types. The computer system may be practiced in
distributed cloud computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed cloud
computing environment, program modules may be located
in both local and remote computer system storage media
including memory storage devices.

The components of computer system may include, but are
not limited to, one or more hardware processors or process-
ing units 12, a system memory 16, and a bus 14 that couples
various system components including system memory 16 to
processor 12. The processor 12 may include a module 30
that performs the methods described herein. The module 30
may be programmed into the integrated circuits of the
processor 12, or loaded from memory 16, storage device 18,
or network 24 or combinations thereol. The processors
processing units 12 can include the processor 400 as
described previously. Alternatively, the processor 400 can be
independent from the processors or processing units 12.

Bus 14 may represent one or more of any of several types
of bus structures, including a memory bus or memory
controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus using any of a variety of bus
architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Flectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system may include a variety of computer
system readable media. Such media may be any available
media that 1s accessible by computer system, and it may
include both volatile and non-volatile media, removable and
non-removable media.

System memory 16 can include computer system readable
media 1n the form of volatile memory, such as random
access memory (RAM) and/or cache memory or others.
Computer system may further include other removable/non-
removable, volatile/non-volatile computer system storage
media. By way of example only, storage system 18 can be
provided for reading from and writing to a non-removable,
non-volatile magnetic media (e.g., a “hard drive”). Although
not shown, a magnetic disk drive for reading from and
writing to a removable, non-volatile magnetic disk (e.g., a
“floppy disk™), and an optical disk drive for reading from or
writing to a removable, non-volatile optical disk such as a
CD-ROM, DVD-ROM or other optical media can be pro-
vided. In such instances, each can be connected to bus 14 by
one or more data media interfaces.

Computer system may also communicate with one or
more external devices 26 such as a keyboard, a pointing
device, a display 28, etc.; one or more devices that enable a
user to interact with computer system; and/or any devices
(c.g., network card, modem, etc.) that enable computer
system to communicate with one or more other computing
devices. Such communication can occur via Input/Output
(I/O) 1nterfaces 20.

Still yet, computer system can communicate with one or
more networks 24 such as a local area network (LAN), a
general wide area network (WAN), and/or a public network
(c.g., the Internet) via network adapter 22. As depicted,
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network adapter 22 communicates with the other compo-
nents of computer system via bus 14. It should be under-
stood that although not shown, other hardware and/or soft-
ware components could be used 1n conjunction with
computer system. Examples include, but are not limited to,
microcode, device drivers, redundant processing units,
external disk drive arrays, RAID systems, tape drives, and
data archival storage systems, etc.

It 1s understood 1n advance that although this disclosure
may include a description on cloud computing, implemen-
tation of the teachings recited herein are not limited to a
cloud computing environment. Rather, embodiments of the
present invention are capable of being implemented in
conjunction with any other type of computing environment
now known or later developed. Cloud computing 1s a model
of service delivery for enabling convenient, on-demand
network access to a shared pool of configurable computing
resources (e.g., networks, network bandwidth, servers, pro-
cessing, memory, storage, applications, virtual machines,
and services) that can be rapidly provisioned and released
with minimal management effort or interaction with a pro-
vider of the service. This cloud model may include at least
five characteristics, at least three service models, and at least
four deployment models.

According to the system 3000, the hardware processor 12
1s configured to obtain images of the target plants through
the machine vision system having a plurality of cameras.
The processor 1s further configured to process the images of
the target plants to determine tissue candidates of the target
plants and to determine a position and an orientation of each
of tissue candidate. The processor 1s further configured to
mampulate a tool, based on the position and the orientation
of each tissue candidate, to excise each tissue candidate to
obtain tissue samples. The processor 1s additionally config-
ured to transport the sample for manipulation.

According to an embodiment, the hardware processor 12
1s further configured to move the target plants through an
automatic transportation system with respect to a detection
range of the machine vision system. The automatic trans-
portation system includes a rotating stage for rotating the
target plants with respect to the detection range of the
machine vision system and a translating stage for linearly
moving the target plants with respect to the detection range
of the machine vision system.

According to an embodiment, the hardware processor 12
1s further configured to obtain color images, multispectral
images, or hyperspectral images of the target plants, through
the machine vision system, for assessing a predetermined
property of each tissue candidate and for determining the
position and the orientation of each tissue candidate. The
plurality of cameras includes a color camera being config-
ured to provide the color images, the multispectral 1images,
or the hyperspectral images of the top of the target plants.

According to an embodiment, the hardware processor 12
1s further configured to obtain 3D 1mages of the at least one
target plant, through the machine vision system, for assess-
ing a predetermined property of each tissue candidate and
for determining the position and the ornentation of each
tissue candidate. The machine vision system further includes
a 3D 1maging system for obtaiming the 3D images.

According to an embodiment, the hardware processor 12
1s Turther configured to process the 3D 1mages to determine
a path for moving the tool based on the position and the
orientation of each tissue candidate.

According to an embodiment, the hardware processor 12
1s Turther configured to transport the sample 1nto a transior-
mation medium. The transformation medium includes an




US 11,715,191 B2

13

infection medium having liquid culture of agrobacterium
carrying a DNA construct of interest.

According to an embodiment, the hardware processor 12
1s Turther configured to obtain 1images of the tissue sample 1n
the liquid medium through the machine vision system;
process the 1mages of the tissue sample to determine
whether to move the tissue sample 1nto a solid medium; and
based on a determination of moving the sample 1nto the solid
medium, transport the sample into the solid medium. The
solid medium can include a solid callus container for shoot
induction.

Another aspect of the disclosure provides a system 4000
for automated plant surveillance and manipulation. The
system 4000 can be implemented by the computer system
shown 1n FIG. 9.

According to the system 4000, the hardware processor 12
1s configured to obtain

images ol the target plants through the machine vision
system having a plurality of cameras. The hardware proces-
sor 12 1s further configured to process the images of the
target plants to determine a position and an orientation of
cach target plant. The hardware processor 12 1s further
configured to manipulate a tool, based on the position and
the orientation of each target plant, to deposit an agent on (1)
cach target plant or (11) each medium of each target plant.

According to an embodiment, the agent can be a microbial
or chemical agent.

Another aspect of the disclosure provides a computer
program product 5000 for implementing plant transforma-
tion. The computer program product includes a computer
readable storage medium having program instructions
embodied therewith. The program instructions are execut-
able by a processing element of a device to cause the device
to: obtain 1images of the target plants through the machine
vision system having a plurality of cameras; process the
images of the target plants to determine tissue candidates of
the target plants and to determine a position and an orien-
tation of each tissue candidate; manipulate a tool, based on
the position and the orientation of each tissue candidate, to
excise each tissue candidate to obtain tissue samples of the
tissue candidates; and transport the tissue sample into a
liquid medium.

Another aspect of the disclosure provides a computer
program product 6000 for implementing plant transforma-
tion. The computer program product includes a computer
readable storage medium having program instructions
embodied therewith. The program instructions are execut-
able by a processing element of a device to cause the device
to obtain images of the target plants through the machine
vision system having a plurality of cameras; process the
images of the target plants to determine a position and an
orientation of each target plant; manipulate a tool, based on
the position and the orientation of each target plant, to
deposit an agent on (1) each target plant or (11) each medium
ol each target plant.

According to an embodiment, the agent can be a microbial
or chemical agent.

As used herein terms such as an” and “the” are not
intended to refer to only a singular entity, but include the
general class of which a specific example may be used for
illustration.

As used herein, terms defined 1n the singular are intended
to include those terms defined 1n the plural and vice versa.

References 1n the specification to “one aspect”, “certain
aspects”, “some aspects” or “an aspect”, indicate that the
aspect(s) described may include a particular feature or

characteristic, but every aspect may not necessarily iclude
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the particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same aspect.

The terminology used herein 1s for the purpose of describ-
ing particular aspects only and 1s not intended to be limiting
the scope of the disclosure and i1s not intended to be
exhaustive. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the disclosure.

What 1s claimed 1s:

1. A method for automated plant surveillance and manipu-
lation, comprising:

obtaining 1mages of at least one target plant through a

machine vision system comprising a plurality of cam-
eras;
processing the images of the at least one target plant to
determine at least one tissue candidate of the at least
one target plant and to determine a position and an
orientation of each of the at least one tissue candidate;

manipulating a tool, based on the position and the orien-
tation of said each of the at least one tissue candidate,
to excise said each of the at least one tissue candidate
to obtain a sample of said each of the at least one tissue
candidate; and

transporting the sample for manipulation.

2. The method according to claim 1, wherein the manipu-
lation comprises live processing of the sample.

3. The method according to claim 1, wherein the manipu-
lation comprises destructive processing of the sample.

4. The method according to claim 1, further comprising:

moving the at least one target plant through an automatic

transportation system with respect to a detection range
of the machine vision system,

wherein the automatic transportation system comprises:

a rotating stage for rotating the at least one target plant
with respect to the detection range of the machine
vision system; and

a translating stage for linearly moving the at least one
target plant with respect to the detection range of the
machine vision system.

5. The method according to claim 1, wherein the obtaining,
images of the at least one target plant through the machine
vision system comprises:

obtaining color 1mages or multispectral or hyperspectral

images ol the at least one target plant, through the
machine vision system, for assessing a property of said
cach of the at least one tissue candidate and for deter-
mining the position and the onentation of said each of
the at least one tissue candidate,

wherein the plurality of cameras comprises a color camera

being configured to provide 1mages of the top of the at

least one target plant.

6. The method according to claim 5, wherein the at least
one tissue candidate comprises a plant part of the at least one
target plant and the property comprises a quality of the plant
part.

7. The method according to claim 6, wherein the plant part
1s a leaf.

8. The method according to claim 6, wherein the quality
of the leaf 1s the greenness, the size, or the shape of the leaf.

9. The method according to claim 6, wherein the quality
1s a spectral signature within or outside the visible range.

10. The method according to claim 1, wherein the obtain-
ing 1mages ol the at least one target plant through the
machine vision system comprises:

obtaining 3D i1mages of the at least one target plant,

through the machine vision system, for assessing a

property of said each of the at least one tissue candidate
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and for determining the position and the orientation of
said each of the at least one tissue candidate,

wherein the machine vision system further comprises a

3D 1maging system for obtaining the 3D images.

11. The method according to claim 10, wherein the at least
one tissue candidate comprises a plant part of the at least one
target plant and comprises of a property of a plant part.

12. The method according to claim 10, further compris-
ng:

processing the 3D 1mages to determine a path for moving

the tool based on the position and the orientation of said
cach of the at least one tissue candidate.

13. The method according to claim 1, wherein the sample
1s subjected to transformation.

14. The method according to claim 13, wherein the
transformation 1s achieved by a method selected from agro-
bacterium-mediated transformation, viral vector-mediated
transformation, polyethylene glycol (PEG)-mediated trans-
formation, liposome-mediated transformation, nanoparticle-
mediated transformation, electroporation, and particle gun
transformation.

15. The method according to claim 1, further comprising
subjecting the sample to destructive processing and extrac-
tion.

16. The method according to claim 1, wherein the trans-
porting the sample comprises transporting the sample 1nto an
infection medium comprising liquid culture of agrobacte-
rium carrying a DNA construct of interest.

17. The method according to claim 1, wherein the trans-
porting the sample comprises transporting the sample 1nto a
sequencing medium.

18. The method according to claim 1, further comprising:

obtaining 1images of the sample 1n a medium through the

machine vision system;

processing the images of the sample to determine whether

to move the sample into a solid medium; and

based on a determination of moving the sample into the

solid medium, transporting the sample nto the solid
medium,

wherein the solid medium comprises a solid callus con-

tainer for shoot induction.

19. The method according to claim 1, wherein the at least
one tissue candidate comprises a plurality of tissue candi-
dates each selected from a group consisting of a shoot, a
root, a leaf, an apex, a node, and an internode of the at least
one target plant.

20. The method according to claim 1, wherein the at least
one target plant comprises a plurality of target plants.

21. A method for automated plant surveillance and
manipulation, comprising:

obtaining images of at least one target plant through a

machine vision system comprising a plurality of cam-
eras;

processing the images of the at least one target plant to

determine a position and an orientation of each of the
at least one target plant; and

manipulating a tool, based on the position and the orien-

tation of said each of the at least one target plant, to
deposit an agent on (1) each of the at least one target
plant or (1) each medium of the at least one target plant.

22. The method according to claim 21, wherein the agent
1s a microbial or chemical agent.

23. A system {for automated plant surveillance and
manipulation, comprising:

a hardware processor; and

a memory coupled with the hardware processor,
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wherein the hardware processor 1s configured at least to:
obtain 1mages of at least one target plant through a
machine vision system comprising a plurality of
cameras;
process the images of the at least one target plant to
determine at least one tissue candidate of the at least
one target plant and to determine a position and an
orientation of each of the at least one tissue candi-
date;:
mampulate a tool, based on the position and the orien-
tation of said each of the at least one tissue candidate,
to excise said each of the at least one tissue candidate
to obtain a sample of said each of the at least one
tissue candidate; and
transport the sample for mampulation.
24. The system according to claim 23, wherein the hard-
ware processor 1s further configured to:
move the at least one target plant through an automatic
transportation system with respect to a detection range
of the machine vision system,
wherein the automatic transportation system comprises:
a rotating stage for rotating the at least one target plant
with respect to the detection range of the machine
vision system; and
a translating stage for linearly moving the at least one
target plant with respect to the detection range of the
machine vision system.
25. The system of claim 24, further comprising an actua-
tor station that 1s independent of the tool.
26. The system of claim 23, wherein the tool comprises a
robotic arm.
277. The system according to claim 23, wherein the hard-
ware processor 1s further configured to:
obtain color images or multispectral 1mages or hyperspec-
tral 1mages of the at least one target plant, through the
machine vision system, for assessing a predetermined
property of said each of the at least one tissue candidate
and for determining the position and the orientation of
sald each of the at least one tissue candidate,
wherein the plurality of cameras comprise a color camera

being configured to provide 1mages of the top of the at
least one target plant.

28. The system according to claim 23, wherein the plu-
rality of cameras 1s configured to take color images or
multispectral 1mages or hyperspectral images.

29. The system according to claim 23, wherein the at least
one tissue candidate comprises a leal of the at least one
target plant and the property comprises a quality of the leaf.

30. The system according to claim 29, wherein the quality
of the leaf 1s the greenness, the size, or the shape.

31. The system according to claim 29, wherein the quality
1s a spectral signature within or outside the visible range.

32. The system according to claim 27, wherein the hard-
ware processor 1s further configured to:

obtain 3D 1mages of the at least one target plant, through

the machine vision system, for assessing a predeter-
mined property of said each of the at least one tissue
candidate and for determining the position and the
ortentation of said each of the at least one tissue
candidate,

wherein the machine vision system further comprises a

3D mmaging system for obtaining the 3D images.

33. The system according to claim 32, wherein the at least
one tissue candidate comprises a leal of the at least one
target plant and the property comprises a shape of the leaf.



US 11,715,191 B2

17

34. The system according to claim 32, wherein the hard-
ware processor 1s further configured to:

process the 3D 1mages to determine a path for moving the

tool based on the position and the orientation of said
cach of the at least one tissue candidate.

35. The system according to claim 27, wherein the sample
1s subjected to transformation.

36. The system according to claim 35, wherein the trans-
formation 1s achieved by a method selected from agrobac-
terium-mediated transformation, viral vector-mediated
transformation, polyethylene glycol (PEG)-mediated trans-
formation, liposome-mediated transformation, nanoparticle-
mediated transformation, electroporation, and particle gun
transformation.

37. The system according to claim 27, wherein the hard-
ware processor 1s further configured to transport the sample
into a transformation medium.

38. The system of claim 37, wherein the transformation
medium 1s an infection medium comprising liquid culture of
agrobacterium carrying a DNA construct of interest.

39. The system according to claim 27, wherein the trans-
porting the sample comprises transporting the sample 1nto a
tissue culture medium, an infection medium or a sample
preserving medium.

40. The system according to claim 27, wherein the hard-
ware processor 1s further configured to:

obtain 1images of the sample 1n the liquid medium through

the machine vision system;

process the 1images of the sample to determine whether to

move the sample into a solid medium; and

based on a determination of moving the sample into the

solid medium, transport the sample into the solid
medium,

wherein the solid medium comprises a solid callus con-

tainer for shoot induction.

41. The system according to claim 27, wherein the at least
one tissue candidate comprises a plurality of tissue candi-
dates each selected from a group consisting of a shoot, a
root, a leaf, an apex, a node, and an internode of the at least
one target plant.

42. The system according to claim 27, wherein the at least
one target plant comprises a plurality of target plants.

43. A system for automated plant surveillance and
manipulation, comprising;:

a hardware processor; and

a memory coupled with the hardware processor,

wherein the hardware processor 1s configured at least to:

obtain 1mages of at least one target plant through a
machine vision system comprising a plurality of
cameras;

process the images of the at least one target plant to
determine a position and an orientation of each of the
at least one target plant; and

manipulate a tool, based on the position and the orien-
tation of said each of the at least one target plant, to
deposit an agent on (1) each of the at least one target
plant or (11) each medium of the at least one target
plant.

44. The system according to claim 43, wherein the agent
1s a microbial or chemical agent.
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45. A computer program product for implementing plant
transformation, the computer program product comprising a
computer readable storage medium having program instruc-
tions embodied therewith, the program instructions execut-
able by a processing element of a device to cause the device
to:

obtain 1mages ol at least one target plant through a
machine vision system comprising a plurality of cam-
eras;

process the images of the at least one target plant to
determine at least one tissue candidate of the at least
one target plant and to determine a position and an
orientation of each of the at least one tissue candidate;

manipulate a tool, based on the position and the orienta-
tion of said each of the at least one tissue candidate, to
excise said each of the at least one tissue candidate to
obtain a sample of said each of the at least one tissue
candidate; and

transport the sample for manipulation.

46. A computer program product comprising a computer
readable storage medium having program instructions
embodied therewith, the program instructions executable by
a processing element of a device to cause the device to:

obtain 1mages of at least one target plant through a
machine vision system comprising a plurality of cam-
eras;

process the images of the at least one target plant to
determine a position and an orientation of each of the
at least one target plant; and

manipulate a tool, based on the position and the orienta-
tion of said each of the at least one target plant, to
deposit an agent on (1) each of the at least one target
plant or (1) each medium of the at least one target plant.

4'7. The computer program according to claim 46, wherein
the agent 1s a microbial or chemical agent.

48. A method for automated surveillance and manipula-
tion, comprising;

obtaining 1mages of at least one target subject through a
machine vision system comprising a plurality of cam-
eras;

processing the images of the at least one target subject to
determine at least one part of the at least one target
subject and to determine a position and an orientation
of each of the at least one part;

manipulating a tool, based on the position and the orien-
tation of said each of the at least one part, to obtain a
sample of each of the at least one part to obtain a
sample of said each of the at least one part; and

transporting the sample for manipulation.

49. The method of claim 48, wherein said target subject
1s a target plant, and said part 1s a tissue candidate of the
target plant.

50. The method of claim 48, wherein said target subject
1s a target anchoring media supporting a plant, and wherein
the at least one part of the anchoring media 1s a solid,
gel-like or particulate matter such as agar, phytagel, sand,
so1l or artificial soil.
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